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ABSTRACT | 96 afé

This report describes work performed during the 5-month period
starting 1 November 1961 and ending 31 March 1962, under Contract No.
NAS 7-86., This research and development contract is related to the
development and 1mpf6vement of techniques for fabrication of high ef-
ficiency, lightweight solar concentrators. Tne first portion of the
program has been chiefly concerned with investigation of basking and
suprort structures for 5-foot diameter concentrators and thc~;valuation
of parameters relative to their application to concentrators of larger
sizes. Stress has been placed on the design and structural: approaches
of electroforming and the application of this technique to the pro-
duction of coucentrators. Necessary special tcoling tequired for the
fabrication of 5-foot diameter concentrators has been designed and
prodgced in preparation for experimental fabrication of units of this
size during the remainder of the program.

A pumber of supporting and investigatory studies have been carried
on relatiée to the parameters affecting the electroforming of a variety
of materials suicable for use in concentrator fabrication, with )
emphasis on electroformed nickel and copper. Testing of the physical
‘properties of electroformed samples made under a wide range of con-
ditions has been initiated and it appears that a relatively wide varia-
tion in physical properties can be obtained ca a controlled basis,
Various reflective and ptotective coatings have also been .investigated
for use with concentrators produced by the electroforming process and

their durability under various environmental conditions is in the pro-

cess of being evaluated. ‘ - ¢§00+[%01,
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L. INTRODUCTI UN

Electro-Optical Systems has, for a number of vears, been ircensely
interested in solar energy conversion sand has engaged in a number of
study and de-relopmental programs in this area. Since detailed infor-
mation has already been set forth in the reports resulting ffom these
prior activities, an extensive review will not be included here. The
program3, resulctant reports, and a brief description of the area of
activity, are listed in the following paragraphs. A familiarity with
the information contained in these past reports will be beneficial in
the understanding and evaluation of the present area of activity.

Definitions of terminologies and descriptive phrases used in this
report are contained in paragraph 1.5.

1.1 Review of Prior Concentrator Development at
Electro-Optical Systems, Inc.

An extensive one-year effurt, bouh analytical and experimental,
concerned with the design aud developmert of solar concentrators and
their integration into space power systems, was performed by EOS for
the Army Ballistic Missile Agency, Huntsville, Alabama, under Contract
DA-04-495-506~0RD-1790, The program ‘nvolved a comprehensive study
covering a wide range of subjects including details of system nsign
requirements and .lesign data, basic concentrator design con:tl.'r.ations,
thermal energy converters, concuntrator size requirements, i estimates
ofsome component weights and Jlimensions. Concentrator st;uttural and
fabrication techniques were discussed and {ncluded elencutf nf concen-
trator structure, concentrator design considerationq) fauscication tech-
niques, and materials, The experimental development ;liises of the
program included fabrication of small-scale sample concentrators. A
wide variety of fabrication processes were investipated to establish
the advantages and disadvantages of cach.

Explosive forming, spin formirg, stretch forming, matched-dye

forming, and other similar processes that were evaluated involved actual

2100-IR-1 ’ 1



deformation and physical realignment of the skin material to conform
with the forming die, tool, or mandrel used in the fabrication process
In addition to this deformation and stretching of the material itself,
the part was required to come in physical contact with the face of
the nandrel or tcolvduring the course of forming. As a result, it
was found to be impossible to maintain the surface accuracy and
polish required for high efficiency concentraior performance with-
out repolishing after the forming process was completed. Subsequent
polishing operacions were found to be difficult, if not impossible,
to carry out on the thin-skin structures tﬁh:‘were raquired for
achievement of very low specific weight (pounds per syuare foot of
surface area). For these as well as other consideraticns, the
formation of the concentrator reflector face skins by these more
conventional methods was considered fgr from optimum; cunsequently,
a better fabrication process was desired.

To eliminate the need for reforming or repolishing the con-
centrator reflective-face material, various techniques for producing
a structuraliy sound, lightwelght, highly reflective face skin by -
replicating an accurate master were considered. One of the most
extensively developed techniques for such replication involves the
use of plastic materials, both filled and unfilled, which obtain their
structural integrity through the use of backing structures such as glass
laminaetes and honeycombs, Unfilled plastic materials, both in the
polyester and epoxy categories, were found to have the ability to
reproduce surface characteristics very accurately and, with proper
coatings, could exhibit reflectivities very nearly approaching those
obtainablc with coated glass, Unfilled plastic materials were found
to be relatively unstable, however, and highly accurate geometries could
not be maintained., These materials were also found to have very little
strength in. themselve: and, as a conscquence, proper backing structures
were requirved for adequate support, Moreover, these materials may
be subject to degradation due to ultraviolei radiation and other

space factors, Filled plastic resins were relatively more stable,

2100-1R-1 2
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. but were found to lose the abilitv to maintain good surface character-
istics. The surfaces verv often developed a minute "orange peel"
effect that resulted in a definitc loss of reflectivity.

During the course of extemsive ecxpesimental c¢valuation of
replicated plastic surfaces, riyidizegd by various means, a definite
showthrough of the backing structure was experienced. Samples were
prepared both by EOS and outside-vendors employing various types
of honeyromlbs, both metallic and non-metallic. Poams of varying den-
sities and formulations were also evaluated. 1In all cases where thick-
nesses needed to produce structures vith reasonable weights were used,
showthzough and distortion were evident. 1In the case of honeycombed-
backed“structures, this showthrough appeared in the form of che cell
stracture of the honeycomb, and was cavced by residual stress and shrink
of the materials used to bond the backing structure to the reflective
surface. In the case of foam backing, the distortion was not so clearly
defined but progressed with time in the torming of an exaggerated and

_nonuniform-"orange peel"” effect, This condition was accelerated with
large temperature changes and resulted in considerable loss in mirrer
efficiency. '

The ability of plés:ic resins «nd related materials to with-
stand space euvironment has not at this time been satisfactorily demon-
ctrated. The combinations of these various-materials required to de-
velop a suitable structure can result in heat transfer and other thermal
characteristics that, in turnm, can adversely influence the geometry of
th2 structure. Althcugh being unquestiona®vly useful for some applica-

tions, these methods of fabrication (as was the case with methods
involving reforming of metailic skins) were considered to have sericus

drawbacks for high-efficiency, long-life concentrators.

During the course of these ‘investigations the proceas of‘
replication by electroforming was also evaluated. This process
appeared to offer solutions to many ot the important problems

inherent in other methcds and made possible very accurate surface

21G0-1IR-1 3



replication of the master. Extensive tests on electroforms replicated
from optically ground and polished glass masters demonstrated reflectivity
characteristics essentially identical with those of the master from which
they were replicated. Moreover, it appeared possible to achie:;, through
further- development and refinement of the proéess, reflective face skins
and structural parts that would have low internal or residual stress.
As a result, the geometry of the master should be reproduced accurately.
In order to fully evaluate the possibilities that the electro-
forming process seemed to Jffer, a number of electroformed reflective
skins and structures were produced by outside vendors for evaluation.
From these structures the ability of the electrofotﬁing process to- pro-
duce reflective surfaces comparable to glass mirrors was verified beyond
doubt. Problems existed, however, in two basic areas: (1) improvement
and refinement of the state-oi-the-art of electroforming was needed to
gain greater contrcl over stress characteristics and the physical prop-
erties of the electrodeposited material; (2) development of spe “ific de-
signs and fabrication techniques was required to allow the adva.itages
_offered by electroforming to be used to the fullest in concentrator
fabrication. New techniques were required along with an extremely
high degree of process control. As experience showed, these were not
available in shops where practices have been formaiized tor many years.
A~ a conseqﬁ;nce, EOS undertook the development of its own special capa-
bilities and facilities ifor precision e¢lectroforming. Electroforming
studies, coupled with advanced and novel designs and applications for
the electrofcrming technique, resulted in the development of small-scale
and 60-inch diameter concenzrators having efficiencies approaching
90 percent, based on the concentration rativs required for high-temperature,
high-performance systems such as solar thermionic.power systems. The
resultant structures proved the feasibility of fabricating solar con-
centrators by the electroforming process in such a manuer chat only a
single material need be used. The reflecting face skin, supporting aund

rigidizing structure, brackets, points of attachment, etc., could all

2100-IR-1 4



be produced from one common material as an integral structure without
the need for adhesives, welds, brazes, or the like, With proper con-
trels over the fabricaticn process, high reflectivity and accurate con-
trol of geometry could be achieved.” Other advantages would be gained,
including unfform{ty of thermal characteristics and stability in space
environment as opposed to structures employing combinations of
materials.

Details of these investigations and the related experimental
developments are recorded in the first phase technical summary report,
EOS Report 410-Final, dated 16 May 1960, and in the final report, EOS
Report 410-Final II, dated 11 December 1960. Both of these reports
were produced as a result of the work performed under Contract
DA-04-495-506-0RD~1790.

In order to continue the development work undertaken initially
for the Army Ballistic Missile Agency, a research and development pro-
gram was undertaken by EOS for the Naticnal Aeronautics and Space Admin-
{stration under Contract NAS 7-10. This work was performed over a period
of one year, commencing 1 November 1960 and ending 31 October 1961. Spe-
cific investigations and supporting experimental developments were under-
taken in a number of related areas with the goal of developing the neces-
sary supporting knowledge, techniques. and related equipment to produce
and evaluate lightweight, high efficiency solar concentrators,

Basic electroforming studles were continued with emphasis on deter-
mination and control of parameters affecting stress and physical properties
in such a manner that these parameters and advanced techniques could Le
applied to actual fabrication processes. Areas of investigation in-
cluded thedeQelopment of necessary instrumentation to determine the
existence and uagnttude‘of inherent stress in the ciz:ctroforms, methods
of determining and controlling variations in current density, effects of
additives and contaminants on the characteristics of the solution and
resulting electroforms, and methods of determining effécts qf, and con-

trols for, variations in axitation, temperature, etc. In addition to
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this main area of developmental work as related to nickel electroforming,
the use of copper having improved structural properties was also evalu-
ated and the deviations from nickel techniques determined. Investiga-
tions were also performed relative to the use of various master materials,
the choice and use of sensitizing and rceflective coatings for non-metallic
masters, and their effect on parting of the repMca from the master it-
self.

Master fabrication techniques were investigated for use in con- _

junction with electroformed concentrators. This phase of the program
also included an iuvestigation of scaling problems. Master surfacing
materials were evaluated and tested experimentally to determine the re-
flectivity and the stability of geometry which could be expected. A
modei master was deQeloped to demonstrate feasibility of the design and
fabrication technique that would be used to generate desired ;jeometry
and suriace conditions. Methods used in the fabrication of the mode 1
master demonstrated necessary tooling and equipment, fabrication, grind-
ing and polishing processes. A test plating of a replica was made from
the model master to check surface polish and determine if any parting
problems existed. |

Concentrator design concepts were formclized and evaluated
relative to their comp&tiBility with the electroforming process. De-
signs considered included reflective skins rigidized by a peripheral
torus, as well as other structural concepts, including those which would
be applicable to segmented as well as one piece concentrators. Small
scale experimental fabrication Ans undertaken to determin;, the fcasi-
bility of employing particular“&;sign concepts in actual production,
and to determine the problem areas related to tooling, electrofoimina,
and other practical fabrication problems. In conjunction with the small
scale concentrator development, techniques for fabricating various sub-
structures such as ribs, struts, and brackets were developed.

"In order to adapt these techniques for application tc concen-

trator sizes that would be representative of those sizes which might

- 2100-IR-1 - 6
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be employed in space power systems, the more feasible of the small scale
models was scaled and made in a 60-inch diameter size so that problems
associated with parting, handling, surface coating, etc., could be eval-
uaiea directly. A number of 60-inch units were produced experimentally
and sectioned to determine uniformity of plating and 1ntegr1ty of stric-
ture, etc. Two additional 60-inch units mdde entirely of electroformed
nickel, and representing the finalized design and fabrication concepts,
were produced for delivery to JPL for further evaluation.

Although the development of techniques for preducing electro-
formed copper having improved physical characteristics wrs not as ad-
vanced as for nickel electroforming, an all copper, torus-rigidized
60-inch diameter concentrator was produced to determine the problems -
associated with working with this material in the larger sizes; The
same design concepts and tooling,which were employed té preduce the
60-inch nickel concentrators,werg'used in production of the copper unit,

In order to adequately evaluate the concentrators produced
under the program a serieé of testing procedures was developed. and the
necessary supporting equipment and testing techniques perfected. These
included development of tests to deterﬁine and evaluate both qualitative-
ly and quantitatively, if possible, the accuracy of gcometry and the
quality of the reflective surface. One of the most critical areas of
testing involved the use of calorimetry. Consequently, equipment and
techniques were developed for accurate calorimetric vest procedures
which were applicable for concentrator testing. -Each concentrator pro-
duced under the ccutract was evaluated using the techniques developed.

The first all;eleccroformed nickel 60-inch concentrator achieved effi-
ciencies ranging from 55.6 percent at a 1/2-inch calorimeter aperture
diameter to 88.3 percent at 1 inch aperture diameter. This concentrator
underwent a rather extensive shake and vibration survey at JPL and the
resultant information was fed back to produce modifications and improve-
ments in subsequent models. The second nickel concentrator produced

efficlencies which ranged from an average of 64 percent at the 1/2-inch -
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aperture size to approximately 93 percent at 1-3/¢ inch aperture size, The
copper concentrator, which had a badly degraded reflective surface due to
oxidation of the copper reflective face prior to applicatcion of the reflec-
tive coating, produced efficiencies averaging approximately 60 percent at
1/2-inch orifice size and 77.5 percent at 2-inch aperture size.

Results of these performance tests indicated conciusively that
performance levels could be achieved using this method of construction,
which were far higher than those demonstrated using any other fabrication
techniques.

‘Extensive details of these investigations and related experi-
mental developments were recorded in the fimal technical summary report,

EOS Report. 1587-Final, dated 27 December 1961,

1.2 Summary of Program Goals

The developmental work performed during the:course‘of the
prior ptograms;demonstraced conclusively the feasibility of producing
solar concentrators entirely by the electroforming process. It became
apparent that to achieve the desired goals, the electroforming process
must be carried out under a high degree of control with speciffc areas
of develobment required. TIn order to achieve rapid improvement in con-
centrator design fabrication techniques so that high performance con-
centrators fabricated by use of the electroforming process can be con-
sidered "fiight hardware'" within a relatively short span of time, a
number of specific areas of activity were set forth for evaluation and
experimental development during the course o£ the present program. These

areas are as follows:

1.2.1 BackiggﬁStructure Studies

Backing structure studies would be undertaken in which
various concepts for backing or support structures for 5-foot diameter
mirrors would be investigated, and the various parameters analyzed rela-
tive to their application to larger sizes of concentrators. In con-

Junction with this, small scale experimental studies of support structures

2100-IR-1 8
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were to be conducted to include an experimental evaluation of backing
masters, support structure and attachment methods, experimental appli-
cation of the more promising design concepts, and the possible effects
of tensile or compressive plating stresses on the characteristics of
the concentrator reflector face and backing structure.

In the course of the experimental development a number
of representative mirrors approximately 17 to 18 inches in diameter
would be fabricated and at least two 5-foot diameter mirrors wculd be
fabricated using nickel electroforming techniques that would demonstrate
the most promising methods as developed in the smaller experimental sizes.
These mirrors, or major portions thereof, Qould be sectioned or otherwise
destructively tested to determine soundness of fabrication techniques and
ultimate strength capabilities.

In addition, two 5-foot diameter mirrors would be fab-
ricated, using the nickel electroforming process. These would demon-
strate the most promiéing design and fabrication techniques. Necessary
speciai tools and fixtures required for fabrication of the more advanced
structures would be designed and fabricated. Thefe wotild include a
rotatcr capable of handling 5-foot diameter and larger masters, necessary
handling fixtures, speciaily shapad arodes and masks, special mandrels,
master extensions, and oéher devices associated with more sophisticated
desizsn concepts.

The two final 60~inch nickel concentrators would be
subjected tn opticel and performance tests prior to delivery to the
Jet Propulsion Laboratory for further optical and performance testing
and shake and vibration evaluations,

Upon conclusion of the experimental and design phases
of the program the Qatious parameters would be summarized and recom- .

mendations made regarding backing structure designs,

1,2,2 Plating Techniques

Development of plating techniques for the fabrication

of electroformed nickcl and copper mirrors and mirror structures would

_be continued, and include small-scale studies relative to the improvement

2100~IR-1 9



of physical properties of nickel and copper electroforms, reduction
and contro) Qf plating stress in nickel and copper mirrors, develop-
ment of techniques for menitoring and determining additive concen-
trations in piating solutions and the possible use of chromium for
improvement of structural and, more particularly, surface properties
of nickel and copper mirrors.

Physical testing of various plated samples would be
accomplished and would include, if necessary, the development and
construction of special testing devices to measure important physical
properties. A major objective of this work is to increase the knowl-
edge of copper-plating techniques to a levei approaching that of nickel.

At least one 5-foot diamater mirror would be fabricated
using the electroformed-copper techniques so that sectioning or destruc-
tive testing could be accomplished to produce a feedback for improvement
of design or fabrication techniques. At the conclusion of this develop-
mental phase at least one additional 5-foot diameter concentrator would
be fabricated using the electroformed-copper techniques that would demon-
strate the most promising design and fabrication concepts associated with
use of this material. Optical and performance tests would be made_on
this mirror before delivery to JPL for further testing and evaluatiom.

At the conclusion of the program the various parameters
affecting electroforming of the various materials would be summarized

and recommendations made regarding these techniques and processes.,

1.2.3 Advanced Coating Studies

Advanced coating studies would be made and would in-
clude smali-scale evaluations of problems related to subsirate and master
characteristics, thc development of surface coatings for maximum reflec-
tivity, an evaluation of coating durability, including development of
devices for measuring coating adherence, i1f possible, and for mirror
handling and cleaning. The mechanics of coating deposition would also
be demonstrated and these techniques applied to the coating of the small

and large mirrors to be fabricated diwring the course of this contract,
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In addition, at the conclusion of the experimental
phase of the program, recommendations concerning facilities for coat-
ing large concentrators would be made.

The above categories are, in some instq:fes, rather
gen. ‘al, Close contact, on a technical basis, will be maintained with
the technical monitors at JPL during thé course of the program so that
critical areas or areas of particular interest can be expanded or minji-
mized to produce the maximum amount of information obtainable within
the scope of the program. Specific details not mentioned in this sum-
mary of program goals will be outlined in the body of this interim

report or in the final technical summary report.

1.3 Program Schedule -

The general program scheduie showing the different areas of
activity is shown in Fig. 1-1. The first five.month period of the pro-
gram has been involved with design concepts and small-scale expérimental
studies as shown. Fabrication of the various 60-inch concentrators,
testing of these concentrators, and application of the most desirable
reflective and protective coatings will be accomplished during the
second and final phase of the program. '

-~

1.4 Summary of Report )

This report covers all phases of the work performed during
the first five-month period of this program commencing 1 November 1961
and ending 31 March 1962. As was the case in past programs of this
nature, considerable interaction occurred between the different areas
of accivity. For clarity, however, in this report, the three basic
areas of activity indicated in the program schedule (Fig. 1-1) are
presented in separate sections, B

Section 2 contains information relative to the investigation
of the backing and support structures for 5-foot diameter concentrators,
a preliminary discussion as to their application tc larger sizes, and

information on the small-sc:le experimental studies. Prelimirary design
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concepts and developmental work associated with the 5-foot diameter
sizes in which rear-mounted tori are used for mounting and suppoft
are also discussed.

Section 3 contains a description of the development of im-
proved plating techniques. Small-scale studies are discussed and in-
clude a description of the methods for solution analysis and controls,
stress determination in both nickel and copper electroforms, the use
of chromium and rhodium as surfacing materials, and an evaluation of
the physical properties of eiectroformed materials produced by varia-
tions in the electroforming parameters.

. Section 4 discusses the exéerimental work associated with
advanced coating studies. Small-scale studies performed include an
evaluation of the effects of master on substrate materials, an ex-
perimental survey of the various high-reflectivity coatings, adhesion
and durability studies, a preliminary approach to protectiuvn and clean-
ing techniques, and a preliminary evaluation of the application of
selected coatings on mirrors to be produced during the course of this
program, . '

Since no 5-foot diameter concentrators were completed during
this first five-month period and optical performance tests could not
be made, complete testing results will be iacluded in the final tech-

nical summary report,

1.5 Definitions -

The use of new techniques, proéesses, and designs has neces-
sitated the development of new terminologies and descriptive phrases.
Since varying terminologies are sometimes used by those engaged in
these activities, and in order to clarify the reading of this report
for those who are not familiar with these terminologies, the following
set of definitions is presented and will be used throughout:

a., Concentrator (or mirror)

The reflecting‘devtce used to concentrute solar radiation

into a focal zone,

2100-IR-1 12
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Concentrator Face (or face skin)

The reflective face of the concentrator,.

Backing (or rig:lizing structure)

That part which supports and hold. the reflective face
skin, to preserve the as-formed geometry of the reflec-
tive face skin.

Moniocoque Structure

A type of single structure or shell that forms, and in-
cludes, the reflective fgce and the rigidizing or backing
structure as one unit. ;This structure may be either a
mirror segment or a copplete mirror,

Original Mirror

A concave mirror from which masters or replications may
be formed,

Mirror Master )

A fixture, normally convex, having the required degree of
surfacg quality and finish, together with necessary geo-
metrical accuracy, from which the concentrator face skin

may be formed by a replication process, Masters may rep-

. resent an entire wirror surface, & segment, or a section

"of the entire surface. They may be fabricated separately

{original masters) to specirication, or produced by repli-
cating (replicated masters) the surface and geometry of an
original mirror or mirror segment,

Replica Mirror

Mirrors formed by the replication process using electro-
forming or other techniques, These can be formed either -

from original masters or replicated masters,

‘Mandrels (or molds)

Structurcs produced by a variety of methods on which
material is electrodeposited to produce a {inished elec-

troform to a predetermiicd and desired shape.

13
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Current Density

An electroforming term referring to the number of amperes
per squire foot of area being electroformed. Usually an
average value is quoted.

Inherent- Stress

Electrororming terminology referring to the stresses
developed in the electrodeposited material during the
plating process. These stresses may be either tensile
or compressivce in nature,

Concentrator Specific Weight

The toutal weight of concentrator divided by projected
surface area. In this report the specific weight will
be expressed in pounds per square foot,

Specular Reflectivity

That portion of the incident «nerzy which is reflected
at an angle equal to the angle of incidence.

Concentration Efficiency

The ratio of the total power (selar radiation) delivered
to a given absorber orifice to the total power incident °
on the mirror. The concentration efficiency is a function
of mirror geometry, surface characterlstics, and magnitude °
of specular reflectivity,

Conceni.ration Ratio

The ratio of the projected area of the mirror surface to
the area of the focal zone into which the energy incident

on the mirror is focused.

14
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1. BACKING STRUZTURE STUDIES

A. Investigation of backing and suppor: el - I A 1..L L . S o
structures for 5 ft. dia. concentrators ] ] | v !
and application to larger sizes - con-

tinuing effort ‘
B. Small gcale (i8" dia.) experirental

studies and fabricating including
eveluation of:
1. Backing master c.angiderations !
2. Support structure attachment m:thods
3. Evalustion of various concepts
4. Effects Jf plating stresses on structures
5. Delivery of representative models
C. 5 ft. dia, concentrator development
1. Deve lopment of tooling including rota-
tional device for agitation, handling
fixtures, special tooliny, mandrels, etc.
2. Delivery of items I1C-1
3. Fabrication of two (2) 5 ft. dia. nickel
concentrators to be destructively inves-

CN OR BEFORE T

tigated (sectioning, shak and vibration, o NO. 2 — —o»
etc.) - ‘
4., Fabrication of two (2) 5 ft. dia. nickel
concentrators of most promising design f——— NO. | ~—! NO.I NO.2

5. Performance testing and evaluation of
optical characteristic of Items IC-4

6. Delivery of items IC-4 *
7. Shake and vibration testing of items ) LR
“ 1C-4 (Jet Propulsion Laboratory function) ‘ AFTER 1SEPT '62
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FIGURE 1-1

(cont)

I1 DEVELOPMENT OF PLATING TECHNI.JUES FOR
FPABRICATION GF ELECTROFORMED NICKEL-COPPEK
MIRRORS

I11

v

A,

Small scale studies including investigation of:

physical properties, control of 3tress, solu-

tion control, use of chromium for surfacing

Physical testing of plated samples

Development of 5 ft. dia. copper concentrator

1. Fabrication of one (1) unit tc be
destructiveiy invescigated

2. Fabrication of one (1) uait of most promis-
ing design and technique

3. Performance testing and evuluation of optical

~ characteristics of item IIC-2

4. Delivery of item IIC-2

5. Shake and vibration testing of item IIC-2
(Jet Propulsion Laboratory function)

ADVARCED COATING STUDIES

A. Smal!i scale studies of:
1. Effects sf substrate and master characteristics
2. Surface coatings for high reflectivity
3. Coating durability, dcgradation, cleaning and
protective techmiques
4. Mechanics of coating
B. Application of selected coatings to concentra- -
tors produced during program
1. Small scale concentrators - IC-4 (2 units)
I1I1C-2 (1 unit)
REPORTS
A. Monthly letter reports
B. Interim summary report
C. Final technical report
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2.  BACKING STUDIRS

There is very little information applicable to backing the ex-
tremely thin metellic slins requiréd for solar concentrator reflector
faces in a manner that produces no showthrough or optical distortion,
A considerable amount of survey and experimental evaluacion has been
conducted in the past to determine the best possible methods for suci
backing or rigidizing.

Since the current program has as its objective the development
of all-electroformed structures that do not incorporate welds, ad-
hesives; or other such joining techniques, the types of backings to
be°considered are further limited co.those that can be formed by
electroforming or a compatible process so that attachments can be ac-
complished by elecfroforming. Small-scaie samples are informative in

that their use immediately eliminates tncse techniques'that are not

'compatible due io reasons of showthrough, or severe degradation of

reflective surface.

Techniques that appear applicable are best demonstrated in larger
sizes such as 5-foot diameter concentrators. This size enables the
applicaticn of fabrication and joining techniques that could not be
performed on extremely small samples., A skin thickness-curvature-
total diameter relationship can result that can actually pe tested
structurally and frem which, it is hoped, information can be obtained
that will allow scaling to larger-sizes. The main area of activity
related to backing structures during the course of thic program will

be concerned with 5-foct diameter sizeé, although other variations or

- novel approaches will be investigated experimentally on a smaller scale.

The application of the resultant techniques to concentrators larger

than 5 feet in diameter will also be evaluated.

2100-1IR-1 : 17



2.1 Investigation of Backing and Support Structures for 5-Fcot
Diameter Concentrators

A complete evaluation of the varfous types of backing and
support structures available for 5-foot diameter concentrators cannot
be made until later in the pregram when a variety of different tech-
niques and approaches have been evaluated experimentally. Preliminary
studies, however, have shown that the rim, or outside support, is com-
sider1bly more desirable than center support for a number of reasonms.

Comparisons indicate that maximum support and rigidity can
be gained with minimum structural weight when peripheral support is
used., The development of structural techniques and designs of con-
ceptrators should uwot, and cannot, ignore the fact that in application
an absorber, or a cavity of some sori, will be required to be positioned
"and supported at the focal zone. For high performance systems the sup-
port must provide accurate and stable positioning for the absorber or
. cavity within 4 very few thousandths of an inch.

Absorber supports that are positioned from the center of Ehe
concentrator will necessarily intercept the reflected solar flux be-
tween the mirror and the absorber, In this position the converging
cone of light is extremely concentratéd as compared to the aolgr flux
falling on the mirror surface. The total amount of enefgy lost through
odscuration of the struts or absorber supports is far greater ﬁeg unit
area than that which would be lost due to the same obscurity in the un-
concentrated state, 1t appears difficult to design the necessary ab-
sorber supports to allow sufficient minimization of obscuration and
still provide the necessary stability and strength required for ade-
quate mounting.

In comparison with this condition, collector or cavity sup-
ports of a tripod or similar deslgn that are attached to the periphery
or rim of the concentrator provide maximum accuracy and structural
support for the absorber at the focal point. They also provide minimum
‘possible obscuration since they intercept the solar flux prior to con-

centration, Positioning of the absorber supports at the periphery or

2100-IR-1 i .18



rim necessitates that this portion of the conceutrator be structurally
sound and stable. When a peripherally supported concentrator design

is employed in which points of attachment to vehicle or mounts are at
the rip and preferably in the same location as the absorber supports
(as demonstrated in prior concentrators produced by EOS), maximum
stability and support is gained without the need for the remainder of
the concentrator structure to support any of its own weight., It is
obvious that if the concentrator were center supported and the more
desirable rim-mounted gbsorber support method were used, the load would
have to be transferred from rim to center of mirror by relatively heavy
structural members. This configuration would be, although acceptable,
consideratly hecvier than the totally rim-supported configuration,

At this point, the peripheral torus design iacorporating
mounting points for both‘vehicle artachment and absorber support
structures appears to be the most desirable, Further information
that will result from shake aund vibration testing of previously fah-
ricated structures will be required to finalize designs for this size,

and no further discussion will be included at this time.

2.2 Application to Larger Sizes

Preliminary investigation of the stability of electroformed
skins and the different relationships of thickness, physical properties
of the electroform itself, rate of curvature, etc., that would be as-
sociated with one-piece concentrators of the same design concept ex-
panded to larger diameters, indicate that this technique will be ap-
plicable to considerably larger units.” The skin-thickness to rate-
of-curvature ratio is a very critical aspect, One-piece concentrators
provide an ideal symmetrical configuration, and maximum strength-to- -
weight ratios should be achieved with this configuration, '

‘ No attempt will be made at this time to outline detailed
parameters affecting scaling, This information will be accumulated -
from evaluation of experimental results during the remainder of the

program and will be covered in detail in the final report.

2100-IR-1 19
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2.3 Small-Scale Experimental Studies

A number of small-scale experimental studies have been carried
on during the first S5-month period of the program. Experimental work
has been accomplished using approximatekz’18-inch diameter glass convex
masters having approxim?tely the same focal length-to-diameter relation-

ship as the 5-foot concentrators in question,

2.3.1 Backing Master Considerations

: A variety of backing concepts were considered during
the early stages of the program for backing or rigidizing electroformed
fare skins. As previously mentioned, the center supported configura-
tions were discarded due to their inherent limitations. This eliminated
the concept of the fully enclosed monocoque-type structure for one-piece
mirrors. The principle objective of the present program has been to
provide backing and support structures ir a configuration Ehat would
provide maximum usable reflective surface of the mirror. Since the
complete mohocoque was eliminated it apprared that rear-mounted varia-
tions of the torus or modified monocoque-type configuration would be
capable of providing the necessary structural rigidity and points of
attachment. A number of variaﬁions were considered and applied ex-
perimentally in a small scale. Since the torus technique was chosen
for-evaluation, backing masters as such were not required. Special
tooling and mandrels that would be required for application of the
torus to the rear of the concentrator reflective skin in actual fab-
rication of tﬁe 5-foot diameter concentrtors will be reviewed sepa-
rately.

For larger size concentrators requiring intermediace
points of support of the reflective skiﬁ, backing masters of somé'
dascription would be required to permit electroforming of the various
components, Since the governing or limiting parameters of uﬁsupported
span, skin thickness, physical properties, etc., have not been fully
determined at this time, backing-master requiréments cannot be estab-
lished. There are a number of materials and techniques thac are ap-
plicable t» producing backing masters of any required configuration

when design concepts are more fully established,

2100-1IR-1 20



2.3.2 Support Structure Attachment Methods

Various methods of attaching the rear-mounted torus
to the reflector-face skin were considered. 4 number of variations .
exist, but the most desirable from the standpoirt of applicability to
the electroforming process are shown in Fig. 2-1. Among the proven
attachment methods, an encapsulation lock provided by the chkain or
wire technique, and sccondary plating using the electroformed riveting
technique, appear to be the most promising. In application, the con-
vex master is modified at the rim, depending upon which method is
chosen, and the reflective-face skin electroformed with the necessary
rim or encapsulation locking devices. The rorus, which for experi-
mental purposes is merely a formed tube, is positioned in back of the
reflective-face skin and the necessary mandrels for attachment are
hand formed of wax or other removable materials. Secondary plating
is then accomplished, providing structural attachment and bonding of

the torus to the reflective-face skin,

2.3.3 Evaluation of Various Concepts -~ Experimental Fabrication

A number of experimental fabrications were accomplished
using an 18=-inch diameter glass master, . Although basic techniques have
already been demonstratcd, a number of minor problems existed relative
to the utilization of these techniques. If secondary plating is to be
used, provisions must be made to control or allow for differences in
thermal expansion between the glass master and the electroformed parts.
This is necessary so that the reflective-face skin will remain in place
during its formation, through removal from the plating tank, and during the
stages of secondary preparation for attachment of the rigidizing members,
Stresses must be accurately controlled and special provisions made to
prevent leakage or entrance of the plating solution between the reflec-
tive face and the master during subsequent plating operations, Anode ;
positioning, agitation techniques, and control of the various parameters
associated with the electroforming process itself, are required ‘n ad-

dition to the special tooling necessary to produce these configurations.

2100-IR-1 7 21
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Figure 2-2 shows an 18-incl diamecter mirror skin with chain attached
and illustrates one of the methods with which secondary attachment of
the rear-mounted torus can be achieved., Figure 2-3 is a close-up of
the chain lock showing in det¥il the method of obtaining encapsulation
or lock=-on of the secondary parts, Figure 2-4 shows a close-up of the
torus attachment method.

Although the encapsulation method using the chain or
wire 1ockipg techniques provides very strong mechanical attachment for
secondary structures, certain problems exist relative to the applica-
tion of rhis technique, 'particularly for larger concentrators. The
chain or locking device must be in contac . with the master at all
points or the electroformed bond may not be structurally sound. Agita-
tion is sometimes difficult and stress concentrations result due to the
high current density conditions that exist at this point. An alternative
to this lock-on on the back of the mirror skin itself is the formation
at the outer edge of the reflective skin of a reverse-rolled edge or rim,
In this technique an edge form is attached to the master and provides a
master extension so that the formation of the reflective skin results
in a rim extending to the rear of the mirror. Preparation of the master
for this edge-bond method is showm in Fig, 2-5, This configuration is
particularly desirable since, due to the tooling required, a seal is
formed at the edge of the reflective skin that prevents entrance of
plating solution during subsequent operations.~

After formation of the skin the torus is positioned
to the rear of the mirror and necessary filleting or auxiliary mandrels
are prepared for subsequent growth of the structural element that will
lock the torus to the reflective skin. Preparation of the small-scale
sample for attachment of the torus is shown in Fig., 2+6, In the ex-
perimental stndies this second technique, that of providing an edge
band on the reflective face so that all attachments can be made on
areas not affecting the figure or surface of the mirror, appears most

successful, Figure 2-7 shows an 18-inch diameter mirror rigidized

2100-IR-~1 23
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FIG., 2-2 18-INCH DIAMETER MIRROR SKIN WITH CHAIN ATTACHED

FIG. 2-3 CLOSE UP OF CHAIN LOCK DETAIL
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| FIG. 2-5  PREPARATION OF MASTER FOR EDGE BAND METHOD
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FIG. 2-6  PREPARATION FOR ATTACHMENT OF TORUS

FIG. 2-7  18-INCH DIAMEIiER MIRROR RIGIDIZED WITH
REAR MOUNTED TORUS SHOWING LACK OF
EDGE ROLL
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with rear-mourted torus in which the lack of edge roll is evident {rom
the reflected images in the picture. The staining that is evident
around the edge of thc mirror has becen corrected as of this time and &
number of test skins have been produced in which no lcakage occurred

and a structurally sound cdge band was achieved.

2.3.4 Effecis of Plating Stresses

The present knowledge of the electroformirg processes
and controsls that axe available make it possible to accdrately control
many of the various parameters during the fqrmation of the required
reflective-face skins and additional structural elements. Plating
stresses can be controllied toc produce either tensile or comprassive
stress in the resultant electroforms and in some instances these ef-
fects can be used to advantage during the -fabrication of the various
components. It has been established experimentally that the highest
accuracy of geometry of reflective-face skins is obtained when a
zero-stress condition is achieved during plating. This results in a
part that has no tendency to deviate from the geometry of the master;
the zero-stress condition prevents leakage of solution between master
and reflective skin. Such leakage often results in staining, blushing,
or other degradation of the reflective surface if stresses are not
carefully controlled. Unfortunately, when lew or zero stress is
achieved during the formation of the reflective skin, parting from
the master is more difficult since there is no tendency of the mirror
skin to part itself due to internal stress counditions. For highly
accurate concentvators, however, it appears imperative that zero-
stress conditions be achieved during the foimation of the reflective
face itself,

Tensile or compressive stresscs are intentionally
used in some instances where joining or attachment encapsulation can
be improved by their use., When forming int.rnal-electroformed rivets
for instance, low-current-density conditions that exist within the

hole in the mandrel, or parc, produce a characteristic that expands
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the electroformed rivet material in the hole, tighening the lock to a
greater degree than could be achieved by other conditions. When en-
capsulating a torus, or part, from the outside, tensile stresses in
the electroformed deposit can increase the ercapsulation bond beyond
the level that could be‘achieved through zerc-stress plating.

If small heat-transfer or thermal-conductivity varia-
tions are expected in differer portions of a structure, some compen-
sation can be achieved during formation of the various parts by balancing
the resultant thermal stresses against the -inherent or plated-in stresses.

It is of utmost importance that new design concepts
utilize the various conditions that can be achieved through the use of
controlled electroforming techniques. Present knowledge of the coﬁ-
trols possible, has provided a basis for certain design conpeptsrand it
is evident that as mcre knowledge is gained maximum advantage can be
taken to produce concentrators of the lowest possible specific weight

consistent with design or environmental requirements,

2.4 Development of 5-Foot Diameier Concentrators

A pnumber of preliminary studies have been carried out prior
to actual development of the 5-foot diameter concentrators. Improve-
ment of plating techniques and controls of physical properties, which
will be discussed in snhreguent sectioms, are providing a basis for
design and fabrication techniques for the 5-foot models that will

materially aid in the ultimate const:rruction of these units,

2.4.1 Preliminary Design Concept

Based on past information that was obtained from
performance, shake and vibration testing, and small-scale studies
conducted during the early portions of this program, a preliminary
design concept for the 5-foot diam:ter concentrators has been developed.
Prime factors considered involved simplicity, structural integrity,
minimum weight, complexity of tooling and electroforming techniques,
and a multitude of other factors, Figure 2-8 shows the preliminary

desigu concept for the torus-rigidized 5-foot diameter concentrator
that resulted,
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The all-electroformed torus will be attached to the
rim of the reflective skin in a rear-mounted position by one cf the
methods previously described. The torus will have three mounting or
support points spaced 120° or equidistant apart. Necessary rigidizing
for the torus at points of attachment for mounting will be provided by
electroformed-transition sections that will be incorporated as an in-
tegral part of the torus., These attachment points and transiticn
sections are shown in Fig. 2-9. A lightweight, stainless steel,
threaded sleeve is encapsulated by a "grow-in" technique in the torus-
tr.nsition section that has a tapered wall thickness providing even
distribution of loading from the points of attachment to the torus it-
self. An electroformed-continuous torus will then be grown over the
transition sections while .hey are accurately positioned om an align-
wment and rotation fixture. This concept should produce a torus section
considerably lighter than those previously achieved for 60-inch diameter

concentrators,

2.4.2 Special Tooling

It was determined during prior programs that certain

special tooling and fixtures were required to produce some of the
coméonents of the larger size concentrators in a practical and uniform
manner. Earlier shake and vibration tests, accompanied by scctioning
and measurement of the reflective concentrator face skins, showed that
uniformity and control of face skin thickness was extremely important
for structural stability. Small-scale studies showed that the re-
quired uniformity and control of thickness could be achieved by rotating
the master in relation to the anodes during formation of the reflective
skin, The process of rotation also provides other desirable effects,
Agitation is improved in a uniform manner over the skin surface. When
the part is mounted horizontally, with the mirror surface of the master
facing downward, the resultant part is entirely free from inciusions that

result when the part is formed face up in a stationary position.
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Because of the relatively large bulk and weight of
the 5~fcnot diameter mastrr and related equipmeﬁt, new rotational
equipment had to be desig.ed and fabricated. Basic designs for this
rotating equipment are shown in Figs. 2-10 through 2-14. Figure 2-10
shows the main rotational assembly that includes the central spindle
made in a tubular fashion so that, if necessary, plating soluticn can
be pumped thrcugh the spindle during operation to provide additional
agitation at points where réquired. The commutator assembly (including 7
slip rings, brushes, etc.,) is provided as a separate unit underneath
the spindle assembiy. This unit provides two isolated circuits so that,
in addition to supplying cathode power to the master, auxiliary anodes
can be placed where required on the rotating assembly and péwered by
means of this contactor. For copper plating where hHigh current is re-
quired the two slip rings and brush assemblies can be rum in parallel,
providing curxent-carrying capacities over 2000 amperes. A master-
holding fixture attaches directly to the lower flange of the commutaior
asgsembly, TFigure 2-~11 shows a detail of the rotator and spindle housing
assembly;‘ Figure 2-12 shows the support assembly for the rotating fix-
ture that is essentially a truss section on whi:ch is mounted a re§érsible
motor and s}eed reduction unit, Figure 2-13 shows the support fixture
extensions that are used to adapt the unit to the 12~ by 1l2-foot plating
tank, which would be necessary if masters larger than 5 feet in diameter
were to be rotated, Figure 2-14 shows the complete assembly,

An additional piece of tooling and special equipment
that was designed and fabricated is a swivel fixture, or mirror handling
support., Problems have been expericnced in the past feiative to support~
ing or lLiolding the master or finished conceﬂt;ator in the various posi-
tions required for processing or fabrication in such a manner that
possibilities of damage would be minimized. This fixture is capable
of handling and holding the master or mirror in all positions from
horizontal to vertical (or slightly past vertical for cleaning opera-

tions). The center shaft is mounted in a bearing so that the part can
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be rotared to, and locked in, any position. The design incorporates a
motor drive for subsequent cleaning operaticns where controlled speed
of rotation may be required. The present unit, however, has been
fabricated without the motor drive. If rotatirn is required for wax
removal or other clzarlng processes, the power unit may be added at
a later date. TFigure 2-15 shows the basic swivel fixture and assembly.
Figure 2-16 shows the completed handling fixture positioned for lLolding
the concentrator in a horizontal pos! ion, Figure 2-17 shows the fix-
ture extended for holding concenirators in the vertical position. This
fixture is capable of holding and lLandling mirrors up to 10 feet in
diameter. )

A considerable number of additional fixtures and
- special devices are required during the various stages cof preparation
for electrﬁforming the 5-foot diameter concentrators, using rotational
techniques. Since the design and applicat’ons of these new techniques
are still in the preliminary stage, detailed designs have not been made.
Each reqiired item will be developed and fabricated as the 5-foot
diameter mirrcr development continues, and those units that bacome
standard will be document<d when they have reached their final design
concept. Because of the peripherai back-mounted torus Aesign that was

chosen, no extengzive or involcid mastey configuration is anticipgted.

2.4.3 Fabrication of Preliminary Models

Fabrication has been started on the 5-foot diameter
models. The initial units will use the =im-band technique, and rear-
mounted torus. <fhe first of the electrcformed mounting segments or
transitional~torus sections has been completed and is shown in ¥ig, 2-138.
This unit appears to be entirely successful and fabrication is continuing
on ithe remainirg units required for the concentrators to be produced dur-
ing the course of the prcgram, Tooling Lias been modified to produce the
wax mandrel required to form the rim on the 5-foot diameter reflective-
face skin. The preliminary model will be plated using an aluminum tube

torus in order to evaluate the techniques used for forming and plating

~
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FIG., 2-16 MIRROR HANDLING FIXTURE -~ HORIZONTAL

MIRROR POSITION
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FIG, 2-17
MIRROR HANDLING FIXTURE - VERTICAL
MIRROR POSITION
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FIG. 2-18 ELECTROFORMED TORUS MOUNTING SECTIONS

FIG. 2-19 RIM TOOLING FOR 60-INCH DIAMETER
TORUS ATTACHMENT -
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the reflective skin, and for the attachment of the structural section
between the reflective skin and torus itself. Subsequent units will
include all-electrcformed torus gﬁftions. Figure 2-19 shows a portion
of the tooling required for the fabrication of a 5-foot diameter mirror
skin with integral edge band., Power is transmitted to the rim of the
master by means of a clamp ring to which cathode power is uniformly
distributed, Figure 2-20 shows the preliminary plating fixture that

is being used for evaluation of the techniques employed {or forming

the reflective skin, Subsequenf units will employ the rotational

fixture and relate< equipment that is in the final stages of fabrication.
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2. DEVELOVMENT OF PLATING TECHNIQUES

A rey factor in the suvecessivi fabricati»n of efifcient concen-
sgrators enploying etectroforaing techaiques 1z conplete vnderstanding
of, ani the 2bility to countrol-the cari~us parameters associated with

the €.eitrufdrning Liui€ss.

3.1 Snail-Scale 3:udies

Small-scale plating studies wece initiated at the beginning of
the program and wiil be coutinued throughout the remaining period to en-
able maximum information to be uvhtained relative to the various param-
eters atfecting or controlling the ¢lectreforming processes. ia order to
isoiate this more basic research from the applied plating techniques. a
separate clcan room and ana.ytical laboratory was established adjacent
to the production plating operation. Figure 3-1 shows a portion of this

research plating and analysis laboreatory.

3.1.1 Solution Analysis and Controls :

In addition to the technijues previously reported, mere
detaiied analyses procedures nave been estabiished and the plating solu-
tions censtantly monitored to nrovide greater coutrol over the resultant
eiectrofulmed parts. Developnent of harl copper and cther experimentai
snjutions is still in the preliminary stage and neith;r standards or
basic controls have been establishea for these soiutions as yet. Nickel-
elzctroforming techniques and related parameters and bath requirements
are more firmly established. Definite proceduras have been set forth and
the experimental baths are analyzed on a regular bhasis. In addition to
streds tests,vwhich are regularly made at varying bath temperatures,
analyses are made for trivalent chromium, suifate, boric acid, .hloride,
and totalenickel content. Variations in these techniques have produced
periodic changes in the method of analysis, which has in turn resulted in
a greater degree of accurucy and reduction in required analyses time. It
is felt that this i3 an imgortant factor since, pricr te and during the

formation of structural parts by the electroforming process, a high degree

2160-IR-1 44
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PLATING RESEAR.il AND ANALYS1S LABORATORY

HULL CELL TESTING
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of control ovér the bath coaditions is rejuired »f stress levels and
phys.cal properties are tc bte ciusely controlled. Details of these -

analytical processes will not be included until the final report at -

which time, it ic felt, 21! modifications will bte completed and the

prucess2s will be uniform and of a standard rature.

‘\,

In addition to analyses for solution cowposition and

_stress determination, Hull cell testing has been employed to spot check

the various solution cempositions. “With this device, cathode and znode’

are mount2d at an angxe to_ome another in a fixed volume-of solu;xon.
Duting platlng on the cathode .a complete rangc of cutrent densntxes is L
produced due'to the physxcal telatlorshlps ef anode and cathode., staal ‘
observations can then be made of - the; surface condltion and quality of

plating that tesulta from the aarxatxons from high to low-current ‘den-

'51ty. The qualxty of the resultant electrotorm grain structute

appearence, etc., can te tqpxdly analyzed 1n thls manner. Figure 3-2

shows ' the Hull cell test deyice., Figure 3-3 sbows some of the additional »
monitoring ahg coﬁttol equi;menﬁ that. has been’ 1ncnrporated in the
analytical lab This" equipment includes devices for perlodxc reversal

of curreat duving plating, and deta11ed recording of plating time in

ampere hours or ampere minutes.- Both current and voltage are recorded

_on strip-chart reéorders to aid io the evaluation of certain effects

such as changes it addltxve agen; due to plating conditions and dgcay

rate of additives. . - %

3 1 2 Stress Determxnation and Control

In that determination and control of sfress in electro-

forms is of ptime,in:ereat for solar concentrator fabricatlon, zontinued

empiasis has been piaced on determination of stress. A number of<dev1ces
have been vmployed for stress megsurement,, ‘ncluding the Spiral Con-
traétometet,'which was described in earlier repprts, and various strip-
testing methods have also béen eﬁplo&ed ~

? ‘ Strip testlng techntques continue to be the most. .ver-
sital methode for day to-day evaluation of the various-conditions,

Modifications to this cechnxqpe have involved the use of various masking

.2100-IR-1 T4 ’ .
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techniques in conjunction with the strip test im an-effort to balance

i'.
,Z

i surface of stre:s-test strip itself. A definite reduction in current

current density to produce more uniform test characteristics over the

density, and theneforc stress characteristivs, has been achieved cver

] the edgés and corners uéing this—ngq configuraéian. Or'y slight differ-
,é- 77 ences were ngticed-in test-strip reflection when tests were made under
idertical conditions using the old and new configurations. Either

method appears to offer a reproducible means of making direct compari- .
sons between various plating conditfons. The modified sirip-test -£¥ —ﬁ
hi—'f, ture is shown in Fig. 3-4.- s " . - “ _,

A more sophisticated device for the uetermxnation of

stress has recently‘been devised and Electro-Optical Systeus has ob-

ti;r I tained one of these units for comparison to other _stress meéasurirg
devices. This unit known as a sttesnometer, is shown ia Fig.-3-5.
i With this device 4 thin metal diaphram is used as the end closure for .
_a shallow plastic cyllnder. The diaphtagm.becomes the cathode of the->:
>‘¥;\, - test citcuit and a canformxng anode is uscd and ‘positioned’ direc;ly
- ‘ abcve the cathode diaphram. The cavity behind the’ diaphram contains a
—3:’ ‘ “fluid that 1s‘conne£ted to a smalllcapillaty tube.” The uniﬁ'must be ‘

carefully calibrated and tempevatures maintained very accurately. Be-

N K3 g R P o p
N Al iy *

cause the unit is sensitive .u both temperature and pressure f£luctua-

v
foar
BN a NS

- tions, as wéll as to stresses occurring on the test cathode, its use

At e

B s rather involved. If these outside factors are carefully controlied,

o

however, the instrumemt is capable of measuriné a very small amount of

s

©

-

stress occurring in th; material that is being e‘ectrodeposited on the

N
AN,

#Mf’g??#iwwﬁfﬂﬁ%t" e
—c
[4

: “ 4 7 dLaphraml(cathode). Since its calibration and use is so 1nvolved it -1s
not practical as a working tool, but” is valuable for determination of

s near-zoro stress conditions.

=t

s g - . “All of-the stress-measuring devices are acceptable for

. o ) use i the solutions with which this program is cqncerned, and a large

\:

amount of information 1s being cbtained on the various compositions and

7= “ eluctroformtng parameters for both copper and nickel elect:oforming

: . solutions., = o B :
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A typical stress versus current-density curve obtained
with the strip-test technique at various temperatures is shown for a
basic-nickzl solution in Fig. 3-6. Stress versus current density for
one of the more desirable mudified copper solutions is shown in Fig. 3-7.
Variations in current density are onc of the key factors producing vari-
atiuvns in stress in the resu taat elegtroform. dditlcnallyszcurrent
density or tha distribution of‘cufrcnt density over a typical part is
one of the most difficult parameters to control. It is highly desirxable
to obtain a set of conditions where the stress-versus-current.density .
curve is flat so that wide fluctuations of current density over the
various-portions of the part will not result in appreciablé variations
in SCIESS.IVThiS condition can be approached tﬁfough thke use of elevated
bath tempzratures. However, the use of elevated temperatures is often
1ccompanied by other undesirab1§ effects such as greater variations due“
to nonuniform thermal expansioﬁ;of various components and other related -
factors. It can be seen from these graphs that for any given configura-
tion, if the current density at that point is known, the stress tnat will
result in the electroform can be aetermiued Tt is possible to adjust
conditions to produce either compressive or tensile scress or; as 1is
usually_more desirable, near-zero stréss conditions, The copper electro-
forming solution shown in Fig., 3-7 appears to hold ptbmisé of maintaining'
low or near-zero. ngess ‘conditious over a wide range ¢of current denszties

under certain temperature agitation conditions,

3.1.3 Chromium as_a Surfaciqg Material

“

Chromium and other bright, hard deposits have been con-

sidered desirable as surfacing materials to provide protection to the _

- refleccive ~-face skin. A number of studies have been undertaken employing

" various bath compositions and plating te«hniques in an effort to produce'

3

" a highly reflective, hard, durabie surface conuition.f An effective

chromium platxng solutinn haa been achLeved that provides a Bighly re-

flective chromium overcoat, ~ ~ ’ T

o~
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Two methods were considered for the application of chromium:
1. Direct deposition of the chromium on the mirror mester with
subsequent electrodeposition ~f the structural material.
2. Electruvforming of the reflective face in the usual manner

with a secondary flash protective overcoating of chromium.

Little success has been achieved in the first instance, A number of
electroformed nickel samples have been successfully overcoated with chro-
mium, however. These samples have been tested together with electroformed
nickel reflective surfaces that were overcoated with a flash of rhodium
metal. Thesc samples have been included with other reflectlvity samples
for testing and the results will be reported in a later section of this
report. The appearance of the chromium and rhodfum-plated parts is quite
good visually, and the abrasive resistance appears to be excellent.

At first, considerable difficulty was experienced in‘
determining the best range of current densities and general gonfigura-
tions to provide maximum brightness of the chromium or rhodium flash
without the need for any subsequent polishing. It appears, however, thaf
a reascnably broad range of conditions can be achieved that will permit

plating to the necessary degree of brightness,

4

3.1.4 Monitoring ~f Solution Additives

The possibility of adding and monitoring the amount of
solution gddiuives required during the actual plating process has been
considered.. Insuffucient information has heen gained, as of this time,
relative to the various decay rates of the solution additives to enable a
practical approach to this problem. Many of the additives are organic in
nature‘ahd cannot be readily analyzed, It has been determined, however,
that through analysis for the basic components, as previously described,-
and the continued use of strip testing té determine stress characteristics,
the bath conditions can be readii determined. When deviations of stresses

o:,solution »ontent are observed, necessary additions can be made. Most

~of the structures. “with which this program is involved are relatively thin

in nature &nd plating ot electrnformxng israccomplished over a relatlvely

2100-IR-) - 53
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i ' short period cf time. With the poscsible exception of theAmodiIied copper

! ' solution, which appears to change or‘&ecay aviie rapidly, it is not
vxpected that zmy additions or changess would have to be made during the

._course of plating. A more exact determination of these conditions as

related to the modified copper solations will be made during the remainder

H o -+ of the ptngram.:

M - z - -

3.2 Determinati.n of ?h;sical Properties of Fiectroformed Material

Ry
]

- 4 wide varlation in the appearance of grain structure, stiff-

S . " ness, brittleness, and other characteristice in the electrcformed samples

E .gf ~of various materials Ha§ bea; observed. 1In order ip determine the'var;a-
: - tions in physicél pfoperties that exist for diffefbnﬁ electroformed
%; i 7 o materials, a series of tests has beer outlined -in which- all of the pos- .
- - ‘ . ible'parameiers wiil be varied to make test speciméns—that will be sub-
% - Jected to the usual tests for tensxle strength, percent elongat1on,
:3 i . - _ yield, and molulus of elastig;ty.ﬁ Hardn;ss and other coonditions will .
S i also be evaluated. - ) _
! s 3.2.1 Variations in Physicai Properties .
- . A .large Ad@bet uf test spécihéns has been produced for
I E physical property measurements. The-various parameters affecting or in-
o fluencing the resultant electroforrs hav- been varied 1naependéntly, where
o 3 - ] possible, to determine their influerce on the resultant structure. ~Test

.

coupons were preparea by electroforming to appxox‘mately 0 010 inches or

less 1n thickness, on a flat rectanrular mandrel. 1ln most instances a

-

: ) ' glass plate has been used for 'he mandrei but to determine the effects

e

of substrate if any, other macerlals have also been used. This same
technique has been used to produce electroformed samples for the feflec-_

“tivity tests. The geometry and relationship of anodes to cathode ﬁére

balanced in such a way that the/center of the teést plate was unxform in

T T

thickness. The test coupons were then cut Irom the center of the test

e

sheet in éuch a manner that three coupons were obtained from each pane1L

e, o

_These were chen machined to the dimensions required for testing, and

% l' supplied to the testing laboratory, Tesb -coupons and reflectivity samples
. 1 A th;l were obtained from these, electroformed tests panels are showr in

- } .  Fig. 3-8. - . S

AN : - . - T -

T © 2100-IR-1 - - - s4 ' ,
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As previously stated, some parameters can be varied -

independentiy while cthers produce interrelated effects, or can only be

]

‘varied in conjunction with other parameters. Initial tests involved a
standard solution. and controlled conditions of agzitation, current den-
sit§ and geomatry while bath tempefgture was varied. In other instances,
agitation, current dénsity, and othef factors were independently varied-
while the remaining parametecs were maintained in a constant condition.

Cenditions that have been evValuated to date are as follows:

Tensile tests were perfofmed*oﬁ samples plated in the
Barrett sulfamate nickel solution. The pH, specifiq gravity, nickel
content, boric acid and anrti-pit agent wefé'keﬁi fo the manufacturer's
specifications. Specimens 11 x 16 lnches were plated on plate glass

- 7% 7 . sensitized with chemical silver or nickel shee: stock.” From each speci—

men three samples were cat “to ASTM physical test ‘coupon size with a *.
;}: . B 2- inchnéauge length,. The parameters varied were temperature, current

density, agitatxon and substrate "Two tanks were also compared J

R N RN U TR IR
’ o
[

2

) ’The follow1ng chart will scrve as a reference to the
2 test data.: ’ . ) -
: . ‘ PHYSICAL TEST REFERENCE CHART
Tf’ - . ‘,hSample “Temp. = C.D. _ Agitation " Substrate Thickﬁéqs “Tank
t ;‘ . No, °F . amps/ft? © Yes - No Material (mils) No.
] 1. ' 1lemperaturs Change
; F-18 85 15 - No. . Glass - 10 "~ 5
F-17 . 100 15 No “Glass .10 5
F-15 ° 120 15 No Glass - . 10 -
F-26 . 140 157 ¢ No -’ cxass' 10 'S
: ,2.‘ _ purrent Density Change at 100 F. -
 F-36 100 - 5. “No. Glass > 10 5
. F-3 100 10 .. No Glass~ . 10 5
F-17 . 100 15 Mo  Glass 210 S
F-39 100 - 40 No . Glass 10 5

-

N

2100-IR-1 - 56.




PHYSICAL TEST REFERENCE CHART (cont)

F-37

100

Glass -

Sample ;gmp ¢.D. , Agitation SubQCraLe Thickness' Tank -
No. F Amps/ft Yes - No Material (mils) No.
3. Current Density Changn at 140°F
F-32 140 s N Glass 10 5
F~25 140 15 No Glass - 10 5
F-29 140 22 No Glass 10 5.
F-33 140 40 No - Giass 10 s
by . Agitation Added at 85°F ;
F-18 85 15 ©Ne Glass ‘ 16_—
F-23 85 15 Yes " Glass 0 5
5. Agltation Added at 100°F B
. F-17 10 is5¢ N Glass 10 5
F-22 100 15 Yes Glass 10 5
<6. Agxtatxon Added at 140°F
1.6 %0 15 No “Glass w0 5
‘ F-25 140 15 Yes Glass 10 5
‘ 7. Substrate Lhange
P21~ 100 15 N tickel 10 s
F-17 100 . 15 - No Glass 10 5
_ N g ;
8. - Tank Change (both Norm SN Sol.) .
F-36 100 5 N Glass 10 5
5 No . 10 5

4
" The resultant test _coupons,

termine. physicél properties.

‘three of ecach condition, were tested;té de~

The results are shown in the Data Sheets

and curves plotted from the Data Sheetslncluded in tuia sectionu

A large number of additional specimens ‘have been pre-

paredcbut'the results have not_been obtained as of the compilation of

‘this report.

© 2100-IR-1
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Information obtatnéd to date, however, indicates‘beyond
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doubt that physical properties can be varied over a cousiderable range if
the necessary degres of control can be obtained over the plating condi-
tions., Appearance, grain size, tensile strength, yield strergch, and
even modulus of elasticity can be controlled. In the case of modulus,
preliainary information iﬁdicates that this fuctor can be varied from
over ten to thirty million ag shown in Fig. 3-9. Higher current densi-
ties and higher températurc conditions produée ® High modulus. Increased
agitation also tends to raise”the mdduqu. Further test results and a

careful examination of the resultant information will be required before

© any defin)te statements can be made as to the degree of conLrol over

_support structures that have be.n proposed. 'If adequate controls can

these factors which may be obtained. These parameters ‘can, in general,

" be controlled, even in large prcductlon plating =~ctivities, if proper

care is exerc1scd .

The prelimlnary hardened copper test samples tnat were
pro&uced were too brittle to be tested and no information is obtainable
as yet, Subsgquent changes in bath composition have produced hard But -
less Brittle\électroform;. Test coupons have bean prepared aﬁd are in
the process of being tested. Information from these tests will be re-

ported later,

LY

- 3.2. 2 qu;ovement in Physical Property

Praliminary information obtaimed from the physical
property testing -of the various samples indicates that variations or

improvement -in physical propérty can be achieved through careful control

_of the pldting conditions. This possibility is extremely important rela-

tive to the design of the thin section, lightweight concentrators and

be maintained, cpncentrato} design can be altered to take advanctage of
thesc conccpt§ and necessary material properties can be oajusted to
permit the reduction in weight of certain cuwponehts with an increased
ability to withstand the condicions associated with- launch environmenc

and- related shock and vibration loading.

= . s - . . w0

2100-IR-1 - L s
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LABORATORIES CHEMIGAL

PHYSICAL -

METALLURGICAL - QUANTOMETRIC NON DIETRUCTIVE - INSFECTION PRECFANRCH

METAL CONTROL LABORATORIE%

1NCORPORATED
2735 EAST SLAUSON AVENU

HUNTINGTON PARK. CALIF, - -
" LLUpLow 3.4161

CERTIFIED REPORT OF PHYSICAL TEST

- [0 Navy inspecron
J: O anmy inseecron

l"_ | :
TR ) 2100~-IR-1

~ o

M\. ILPORTS ARE SUSMITTED AS Tut

: E
- LRI v ey us oy

* Specimén broke ot small dimpie like = - ) \
. flaw causing somewhat lees elongaiion, - @CML*Q% J
: o Arontss

60 ) METAL CONTRDL LAD .
_ - g CHEMISTS - METALLURGISTS - ENGINEIRS - INSPECTORS -

CONFIDENTIAL PRQ'!IYV or TLlENYi\ “KUVHOAIIATION 1OR FU.LICA'ION 0' G\ll III‘OITS CONCLUHOII, oR, EX.”
. R [ .

FeaAccountofy | ST RC-OPTICAL ST35THM, INC, - Date i-22-62
5 §.. vourP O No N Fior No.
17307 - -
MANUFATTURED BY: SIZTION No .
_ PRIME CONTRAGTOR - - MATERIAL Plated Nicikel
' i . - . I . Specimens
[ . SuepcoutracToa: ) CT L. . T SPEICIFICATION - - .
L - ATTN: 24y, Dale :McCr;ir** . - ]
eyt teurmieap it bl iy giteee T :L::.:Z_ = Pipmvegmredie i bl btvolpamepa Bttt ol it Ao Pt ST T |
m\'slcﬂl PRO‘:!.!:S ‘
. viewo roiNt. | CTENSILE STRENGTH: ) -
e e e e e e e IR s Skt DS R4 - T e meame o eme e e e s s o e semciem = e v e e e cme s e e B B —
T . ‘ i : : v
HMEAT . TACTUAL - ACIUAL ! ACGTZAL ! POUNDS PER | ACTUAL  1PCULDS PER EL,ON- E'-O,N~ ' p=wc(a . "EDUC,'G'- : o4 e
[ Nmeer | sz | aRea [lomdMus. s | teapimies. 53 T QUOU LRGN RRROND SR E. UM
1 . : i . z P : ) 22-901%
v ) cre R Ak T g 3 - 3 : - : L= £
COM TEME I:n,ﬁ URE TENSLLE LES%I‘ 3 ! H : }
- 4 i : r i i < 1 -
, o i ! s i - H i :
. -0 fA } 2 | - I ! i 2
Sl ot 098 . 00498 262 | 52400 | 403 80000 {0.24 | 12 1 |
i P 0. . ! T i
S . 0G94 | | * ! ;
§ 4 - | H . )
o2 S-S, 004794 257 53600 392 1700 | 0.22 | 10 ; -
(. 5106 ¢ - ! . ; ! [ -
y ‘ : { ‘ d f i | .
i T C i e . o . . - ) ‘
-3 20950 1 oogaspy 250 | 54600 ¢ 385 183600{0.15 * 7.5 | i i
) i .00‘" : ! i - 1 !
: _ ; ! 1 ’ i ' l o l
«: i ] § o ’ I 4 i ~ !_
o, ) R S
Y ! 1 . { N r l i *
Y. 3 ' . ro - | J | | ! I
! i i ' { i ' ; ! : !
R i i ! : | :
. 'l ! H { - i ! H ! o
V : ! ‘ | v i i i |
- sy i . . [ q [ 1 ]
: .o ! ! | ' i i ! -1
: : l ‘ : ! ! ! 5 i 1 - ;
i i | | : ' P | A
el . . § N 2 -
SRR TS SN SN SNV RO SUU PSS ST I P .- b
< MAXIMUM nsouumsms’ : : L . ! 1 | o I
L MINIMUM REQUIREMENTS l ; i | : i 5 ’ - )
e — SNV NV AV U | SN I S — :
VIELD STRENGTH 8Y EXTENSOMETER AT O, 2% . N 2" . - B N .
{:udm . foset -
“1F) ind'zates flow. R . .
G - breke ouhide govge mork N . ) »
b0 B hroke ! gavge mnvlt i
- L - = = == ==
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DATA SHEET- Page 1
Date 22 Feb 1962
Sample ~F-3-1 ~
, 2 “ —-. Test No'Metal Control
E Area -004998 in By Laboracories, Inc.
‘ ELECTRO-OPTICAL SYSTEMS, INC. W.A. _ 2100 =
S Load/1bs Strevs/psi] Stosan/sin k "Hi')
25 5,000 . 0004 12.5
p—— - oy
50 10,000 .00085 | 11.8 o
75 15,000 | .01z 1135 ‘
100 20,000 0018 1.1
125" |+ 25,000 | .0024 0. |
156 30,000 .0030 10.0
175 " J.o038 _} 921
200 . 40,000 | .0048 8.34
225 45,000 | 0063 | 7.26 | o
250 50,000 .0080 625
275 55,000 | .0104 5.28 ]
360 60,000 | .0136 i  4.42 )
- 325 a1
350 : L :
375 _
© 400 L N
425 1= e
450 ' .
475 N _
500
. 525
550 - L
575 N
600 -
625 )
- 650 ) i
675 - h
) 1T -__.. .
© 700
725 -
750 |-
778 3 )
800 )

271NN T 1

~
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Sample

Area

DATA SHEE(

F-3-2

.004794 in®

a ELECTRO-OFTICAL SYSTEMS 'NC.

S

Pajye 1 ol 1

Date 22 Feb 1962
"

Tes: No.
- Metal Control
By " Laboratorie>, Inc.

WA 2100

Load/ ibe

Stross/psi

. N ‘{;”"\‘1

3

5,220

{
10.4

20,800

11.6
10,4

o e o

10.9

PO

26,100 .

0025 | 10.4

31,300

36,500

0.5
8.72

41,700

47,000

787 _.
7.02

R

623700 | 0147

52,200
57,500

0085, | 6.15

e Bl it

5.23

S S Up———

, T } A o
350 ~ L
375 ) _ .
- 200 — S S
L 25 - SR MO N -
450
415 S i ] : :..
300 _ i ]
345 e :
5eq
575 3
606—~ ]
625
650 ) .
675 T
700 l:;**~"“
/25
750 -
174 - - -
800 T T




Sample

DATA SHEET

F-3-3

Area

. 004581 in

2

' ELECTRO-OPTICAL SYSTEMS, INC.

S

TR

Mreae

Page 1 of 1

Date 22 Feb 1962

Test No.
By

Metal Control

w.A, _ 2100

Laboratories, Inc,

-650

675

700

< 4 e -

o o i i

At Sy e g e ——g

——
Load/lbs Stress/psif Strain/ia 2 0” S
25 5,480 .0005 10.9 -
50 10,900 .0009 12.1 -
75 | 16,800 | .oo14 | 12,0 | i
: 100 | 21,800 L0020 | 10.9 N
125 27,300 0026 | 10,5
| 150 | 32,800 | .0033 9.95 | .
,v 175 38,200 .0042 9,09 ‘
. 200 43,700 | L0053 | __ _8.25_
225 49,200 - 0069 LR 2 I -
250 53,500 | 0090 | 5.9: o
275 1 60,000 _.0117 s.ay o]
| 300 64,200 1 0157l .. 4,08 e
325 L o ]
1350 . N
375 '
400 S I S
425 B P
450
475 - . I
500 .
525 )
550
575 - 1
600
v2s i N

325

s g o

750

775
800

2100-IR-1
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T A DORATORIES CHIMIC ! PHESc METALLURGICAL QUAMTOMUTRIC - NON DESTRUCTIVE - INSPECTION - RESEARGCH

et

1

N
rAalL CONTROL LABORATORIES
HNCLORPORATEDR
2735 EAST SLAUSON AVENUE

HUNTING T PARK Cacir
LuUupLow 8-4161

- CERTIFIELC REPORT OF PHYSICAL TEST
Foo Al o o oo oo . ¥, DATE L )
Your B L No s . .ot FiLe No
MAtIUFACTUREL 1Y SccTioN Mo
PR E CONTRALTOR MATTRIAL . e
- .
S LLNTRACTC <. . SFECIFICATION i ’-
v o, N i)
e . o S
- LT T TPHYSICAL PROPERTIES
YIEID POINT. TENSILE STRENGTH
.- - - - o o - - - B TSI s pme e T e = s
R . - . : REDUCTION :
HEAT | ACTUAL ACTUAL ~  ACTWAL POUNDS FER | ACTUAL POUNDS PER  ELON.  ELON- = peoyced | ¢ : .
TP A a¢ . GAIION GATION } . OF ARER . CODE : LAB NO. -
MUMBER | SIZE AREA  LOAT N 185, 20 IN LOAD IN L5¢ ) s(i I‘N> AN pekcent oww:or:» PER CENT | HAR O
. O | : j !
I ¢ | T, Che e e a i !
N o L ' | i
Sl . o - . ! .
. f - . [ . - P
. o e . R . I". .. .oz A
6. ; ! .
i . 4
i v - “ o i FE . R PR ° * _
1 N "~
! 1 ' -
L
g | SN
by ok - L, . | ~t P J > - -
. i
i ' - I . i
. ' i
- ! | ’ ! ' s
! v - M M -
oo - ! - ‘ » 4 -
heo Ay P 1 v
I | .
] ! !
} . i - .
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L I | ‘
; !
. " S ‘ - b -
. z ‘} tr '
S - ) b i o T 7
. LA i ! I R - : N N -
; . ! ] ! | i .
e U N . ! | | , |
. e an B e e — (T A . I = T [ — . .
MAXIMUM KEQUIREMENTS v ‘ : ‘ i f “
. : e e ISR SRR S
; - \ i
MINIMUM REQUISEMENTS ' - i ‘ l
B : . - _— - e
LD SIRENGTH BY EXIENSOmert® AT~ IN 2, X L. - -
- -ty PO > .
J" . " . AL‘ . . ) 3 . N N - . ‘I'
indicates fluw e L Tee il et . . . et e ~ - e LOTe T .
. Yoo oy Car N
bivke outside gavue inark Lo Lo e, e
hroke ¢* gavps mark . - . . N
WITNESSED BY;
T, NAVY INSPECTOR
3 ARMY INSPELIIR A ol -

v d . . . - «
v 2100=-IR-1 65 . CMETAL STNTIOL JABC My On o3 -
T . ' LHEMISTS - MBLAYILRGISTS - BRIGINEEY S « INSPECTENS
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‘ ELECTRO-OPTICAL SYSTEMS INC.

Samp-e

DATA SHEET

F -15-1

N—

Area

T.0064677 in2

Page 1 of 1

Date 21 Mar 1962

Test No..
Metal Control

8y — laboratories, Inc.

WA —?100

B | { 3
i,\)ixlS/.E! ~ Strer s 51 = = .Y )
25 3,745 ~.00012 31.2 ;
>0 7,560 .00024 31.2 - \
RSN NS SR
75 11,220 . 00037 30.4%
i0¢c | 15,000 0005 | 30.00 :
125 18,720 | 0006 | _31.10 .
- 10 22.420 .0003 28,02 — -
175 26,220 0009 29,15
200 29,90 | _ ,0010 | 29,90 |
225 33,700 L0012 ' 280 | C
250 37,420 1 L0014 § 27,80 |
<75 41,200 _.00155_ 1 26.58 f . ]
300 -~ 45,000 1 00175 | _ 25,70 _4
125 48,700 0019 | 25,60 | o
250 52,400 |- .00215 [ 24,38 f S
373 561200 L.__-L-O_S.).Z—Bé_ ——— :‘,.}:.3.9-_-1_—- -
400 | 59,800 3 0026 _§ . 23,02 ) __ __ ...
£2; | 63,700 | .002¢ | zi94
450 67,400 .0032 21,08 r -
475 71,200} . .0035 - | 20,32 |
560 74,00 | .0038 1,70 | .
52y 78,600 0062 3 __18,1CG_ . S
550 82,400 0046 | 17.90 _
575 86,190 L0050 | 17.20_ ~
| %Y o es,900 | 0055 | 16,35 | —
2% . - .
Gss SRR VP UIOY S S
b.,t)._-'_. SO SV YY S ML.‘
675 - - - N
N T TITITIT e e e e e
S } 00 - S— - IR SOCI— 4
725 ) N B
/50 N
s r sl ceswm i we ae R o
7% o
300.

2100-IR-1

66



CATA SHEE] Page | of

Date 21 Mar 1962

- Sample 15-2

Tes: No.
Area ' 2 Metal Control :
-006626 in By Laboratorics, Inc,

‘ ELECTRO-OPTICAL SYSTEMS, INC. WA 2100

0y

Loud/ibs Stres Fpsif Striladie, £ Y -

23 3,778 .00012 - -31.40
SO (U

50 7,540 . 00025 30,10 | g , ‘

75 11,326 | .oo04 |  28.39 | _ ‘

125~ | 18,850 |- " .00065 | 29.00 , | o=

150~ | 22,600 | o008 . 28,30 i RS

175 4 26,400 | 0009 | 29,32 : ;- R

200 | 30,150 2001 | 27,62 | ’ - _

225 33980 | - .0012 38,30 : R

250 37,700 ~.0014 26.90. :

2 41,600 | 0016 | 2595 | o -

360 —:5,59@ Oé;g —_i 25.10 .

325 49,000 0020 | 24,47 } ’

350 52,800 .0022 24,00 i ‘

375 56,600 002 23,58 . SR,
. 400 60,250+ | 0026 23.15 .

425 64,100 | .0029 _| __ 22,05 | _ ] .

450 1 68,000 | 0032 21,22

475 . 1 71,700 0035 20,45 7
500 75,400 .0039 - 19,35 : SRS DR
525 79,200 .0042 1885 s I P

550 82,900 0046 | .. 18,05 T L
575 | 86,500 1 - .0050. { 1730 . - . - ' SR
600 90,500 L0055 - | 16,45 - . |

625 1 - ER

- et e ST bo e - 8 . %Y "
650 i - D B I J
675 N
| mmanan et Bt S I e e - -
700 | gl e ‘ -
725 B SR s -l . ¥
PR T B AR S L . .

B SIENUUPRIR . S

17 1 e - L S
e e r\...-.._m‘;._.‘-‘r,,;g,;ﬂ,..;f,,.. RS S-SR SR - .

[ soo ) o T ‘ ,
2100-1R-1 el T




E

Sample

DATA SHEE

T

Area

.006526 in®

‘ ELECTRO-OPTYICAL SYSTEMS, INC.

Page

1 of 1

Date

21 Mar 1962

Test No

By

‘Metal Control
__Laboratories, Inc.

W.A. __2100
. : —_
Load/lbs | Strevadpsif Strainiaa, £ .ovic®
25 3,450 .€0013 26.50
>0 7,660 | 0003 [ 2550 |
75 11,490 0004 . 28.78 -
100 15,320 . 0005 25,56
129 w00 |7 o007 {2720
156 22,950 | .0008 28,70
n 26,800 - .0010 26.80
w0 | 30,310 | L9012 25.50 -
225 34,450 .00135 25.45
250 38,300 -00155 24,70
275 42 200”»;?—m;§9}7 24,70
305*_~4_Mg93290 1 .eon9 |- 2420 ,
5§ 9,800 I oo | 2390 | —
~ 53,500 ,0023 23,30 )
. 57,400- | - ,0026 22,05
61,250 - "“oozs _;L_ 21,85 1 .
65,000 ; L0031} 20,95
6800 | L0034 | - 20,25
72,800 4 .0037 19,65 1. Z
“*.::76;469“>_‘i;6é41 . 18,627 .
160,400 .1 0044 18.25 |
84,200 | --.0043 | ¢ 17.18 |
88,000 | . 0053 | 16,62 ‘
91,790 mwsﬁ“mndf'
B . 1//(/‘/' - -
5 i : - -
i i ;
.1 oo B N
Tv‘i?;90713_1 ) . A \66 < B
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DATA SHEET Page 1 o 1
, ~ Date 9 mar 1962
Sample Fo17-1 Test l;o. -
) Area 2 , Metal Cont.:rol 7
E . .005522 in By Laboratories, Inc.
' :‘ ELECTRO-OPTICAL SYSTEMS, INC. W.A. __2100
5 S "
Load/ibs |- Stre~s/psif Straia/i " "
| 4
: 25 4,525 .0002° 22,6 .
[ 50 4,800 | i0006 | 726 i :
i 75 13,550 00065 20.8 z -
100 18,100 = .0009 20.1 :
125 22000 L0011 20.6 .
] 150 | 27,200 | .0014 19.4
, 175 31,650 0019 16,7 _
200 36,120 10022 16,45 '
- 225 - 40,800 . - . 0027 15.1 -
1 250 | 45,300 .0035 12.9
] . 275 49,900 .| .0045 11,05 - .
§ 300 54,400 - |  .0006 9.05
) 325 : R
) 350 ‘
) - 375 —— + —
1 400
- 425 -
) 450 !
i 475 _ I ]
o 500 ) -
l 525
550 - -
. 575 > ot i
s; 600 )
i - 625 i 5 -
i ! 650
675 _ " ,
" 700 _
725 - _
‘ 7750
775 -
800 - ¢
2100-IR-1- ~ - -
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Sample 17-2 Test No© — -
Aféd 7 Metal Con{:rol .
.005522 in By Lgboratorms, Inc,
. ELECTRO-OPTICAL SYSTEMS, INC. w.a 2%
Los?71hs Stress/psi] Straingia, £ x Vit ..
25 4,525 .0002 22.6
50 9,050 . 0004 22.6
75 13,550 .6006 | 22.6 o
100 18,100 .0008 22.6
125 4 22,600 | .oow0 | 22.6
150 27,190 .0012 22,6
175 31,650 .0014 22.6 ]
200 36,120 .0017 21.3
225 40,750 L0023 1751
. 250 45,250 .0031 - 14.6-
. 275 49,480 * 0041 12.15 -
300 - 54,400 .0057 9.6 -
325 : e -
350
- 375
400 .
425 ’ )
450. : -
475 ] ) -
500 B )
525 5 s )
550 L -
575 - B
| 600 ] )
625 . : §
630 B
675 ) . . :
700 : !
725 ] -
750 2 : .
775 _
, 800 Yo I I ’ A
L 2100-1R-1 B J L

E
S

DATA SHEET

Page p of 1

Date 21 Mar 1962
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“Sample

DATA SHEET

17-3

Area

.005522 in?

" ELECTRO-OPTICAL SYSTEMS, INC.

Page ; of 1

Date 21 Mar 1962

Jdest No.

Metal Contrcl

By

_ Laboratories, Inc,

W.A. _ 2100

Load/ibs

Stress/psi

Strain/in,

s
S
- = YU

2

2l

4,530

. 0002

22,6

50

9,050

75

13,560 |

.00045

20.1

b—

.0C97 .

19.4

100

18,150

.0009

20,1

‘125

22,650

0011

20.6

. 150

27,200

. 7.00145

18.75

"11,250

.0018

17.6

- 175
200

36,300

.0023

15,75

225

20700

0028

14,55

. 250

45,250

0036

12,55

275

45,800

. 0047

10.6

" 300

325.

350

375

400

425

. 450

475

500

~ 525 .-

550

375

B "~ 600

.. 625,

6350

675

700

725

750

775

800

2100-IR-1-
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Sample F

DATA SHEET

- 18-1

Area

004618 in”

. ELECTRO-OPTICAL SYSTEMS, INC.

S

Page , of 1
Date 21 Mar 1962
Test No.

Metal fControl
Ey - Laboratories, Ipc.

WA 2100

r

Loadyslbs

St.oc~~/psa] St

25

5,430

[ 10,3810

21,610

16,250 .

27,150

32,500

37,950 .

43,400 .0028

48,800

54)209 *

59,600 _..0

e e e - b 0 1 o =~ i e e e

——f

2100-IR-1
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E
S

. . Page 1 of 1
~ DATASHELT =
g Date 21 Mar 1962
Sample -
P 182 Test NO©» e
A 2 Metal Control
rea .004769 in” By Laboratories, Inc.
. ELECTRO-OPTICAL SYSTEMS INC. W.A. 2100
1 s
* Ied/1bs Stress/psi Straia/in. o 'l'i()h
25 5,230 .00025 20.9
50 10,490 .0005 20.9
75 15,750 1 Tooos | 1o 1T
100 20,550 | .0010 20.95
125 26,200 .0013 20.9
150 31,500 .0017 18.5
175 36,650 .00215 17,05
200 40,990 .0023 15.0 N
225 47,200 0038 12.4 | .
250 52,400 20083 |99 1
275
! - —— *__,___.ﬂ___....__-.._-_.._.1—_....-
300 I R
325 - - S emmat e S i A s
150 -
375 - —_
400 | I R ]
425 N R
450 N
475
500 e
525 ) b
550
575
600
625 | R _
650 L
675 1 _ L
700 _
725 R
750
7?(: ——— ...“__..-_-......
800 |
2100-IR-1 75
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Page boof 1

DATA SHEE T
Date 21 Mar 1962
~
Sample 18-3 - Test No. -
Area .004769 in’ Leboraserime L
By ratories, Inc.
' ELECTRO-OPTICAL SYSTEMS INC. W A. _ 2100
|
Load/ 1h- Stress/psi| Strain/i W Yit)
-
25 5,240 ,0002 26.2
50 10,490 L0005 | 21.0 |
75 15,700 L0008 | 19.6 o
100 20.950 .00105 |  20.8
125 26,200 .0013 T 20.1 )
150 31,400 0017 | 18.45
175 36,650 | .0022 16.7
200 41,950 0029 16,45 |
225 47,100 0040 m.s | .
250 52,400 0058 1 __ 9,1 _
275 - N )
300 & b
325 -
350 i L
375 »
400 D T
j‘i(; - S P - —
475 L .
500 L
525
550 )
575 -
600 B
625 o
630 N
675 o o o
700 -
725 o o
750
775 L T - M_
800 )
2100-IR-1 76
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£MICAL - PEYSICAL - METALLUNGITAL - QUANTOMETRIC - NGN DESZTRUCTIVE - INEPECTION - RPESEARCH

N MeTAL CONTROL LABORATCRIES
; HCORPIORATELD
27385 EAST SLAUSON AVENUE
_ HUNTINGTON Pan Cais
3 LUprlow 2 4161
! CERTIFIED REPORT OF PHYSICAL TEST
N S P - - L TATE
o
3 Ve w U I, oL . R . F-o-i0
- At ATT L - SzoTion NG N
i
$
- Maton AL R e -

CUZIUNTRACTCR. SPECFICs TION

W

G40 POMMT: . TERIILE SIBE\ TH:

. ' crus: - , J—— ; . ian S ELON. | E1oN - ! seouction
neAr ACIUZL  SCTUAL  ACWuAL |, FOUNDS PER . ACTGA.  POunosper”  ELDN. . EtOd £DUCED

NMEES Size AREA  (ORDNIBS. © $Q N LOAD N LRI $SQ.N 2O . pekcenT | DimenSionN | s

el 24
\
'
[

3 . . i i ! i
i - ; : : '
I : { H
i
Dot . Leeen - - - -

“
N
5
“
i
4
1
;

}.,.

|
1
i
!
:
i
i
!
. - SO -
L AN Z
R T ! :
‘ t N RN g:"; i- T - ‘ -
. o B < e bt . N
c T i ; i )
s £ : .- i i ol :
B — ! * LA l - ‘” R | » H N .
: ! : i ; ; i
oL i A
’ % - t,-.»z.,- - ‘ U
' ! § |
i : * ! ; i i
L | | » o i
: . . ST T ‘v<_~_~ ~ __;_ R ,,;___‘__ S “““‘““'i““"”' -

WEXIMUM REGUIEMENTS ] : : . i

MINIMUM REQUIREMENTS i ' . ! {

’ Zeda.
4 the indwcates flaw : ol TSl ot
broke outside guuge ~ark .
93 o biote ot gaugs ma-d
ST T . T el TLAR U o TTINILLETT oo ~;.:“~~--::..f;°—.—.:‘...;.::- ey

- ; JIELD STRENGTH 8Y EXYENSOMETER AT N T -

1N v
wiy tssso 8Y: . . ‘ i » . RESPECTFULLY SUBMITIED *
NAVY- INSPECTOR DAk LBOTLTIT QRaerT T l-l dnd ol - a0 ey - .
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1
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DATA SHEET - Pa,.

’ Cate 21 Mar 1962
Sa!’)pEC' 21-1

w

of 1

Test No.
p, ietal Contreci
. , . £
E Area . 004819 in B, Latoratories, Inc.

‘ ELECTRO-OPTICAL SYSTEMS, 1NC. WA, 2100

.8 T .
- ! - S

Loed: TES RIS bk 84

2 5,180 .000Z3 2.7
S 10,356 50057 20,7 T
e B T e .
7> 15,520 |} .80067 | 2z.2 -
ey 20,700 3 .o0ee  p 20,7 _

i2

“n

' |._25,900 .0012 21,6

—

150 31,109 ,00155 | 20,05
15

175 36,300 . 002 18. )

260 | 41,500 | .0025 |
i 225 46,2_0__0 0032 1__ﬂ_‘.‘1{g.6_mw
220 - | 31 400 L0042 | 12,3

275 57,102 L0052 9.2

————

SN

et e e b — e ——— e e ————d
300 - S ORI

>

Lo L. o o e

350 ‘ _

4 - e
375
L0y 7 ) - ]
425 :

525 _ N_l_w
550 B
t) I'_-}
600
25
] e e -

650
675

706 ]
725

——————— o ‘—14
750
774 i A

T R RIS S 10 P R e e T

800

2100-13-1 79
4

B FAr FAsw sy (eeud



Ldsue

LN

e

ELE TN

s

Hachbesd

ot
Ty (e,

et

| —————

oy

it .

o
et .

E . Area

Sample

VATA 5!

sty

iEET

——

004769 5a°
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-

i

N DUV U S

10021 4
0025
0034

s 00483 -
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S B
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S T i
. uno 009
SRS TR SE S
. 4608 14,65 |
| %0y 2003 G
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DATA SHELET

Sainple 2

Yot

-
e

E 104920 ia

‘ ELECTRO-OPTICAL SYSTEMS INC.

Paae

1 sl |

Date

21 Mar 1962

~

B

Test No

‘Mi:tal Centrol
laboratories, Inc.

WA,

2100

1]
S (— 7T 7 7

c 5,680 . 60025 20.3
50 10,150 .0065 26.4
is 15,220

0007 21.8

P - e - ‘; *,,,,t_g., - -

15Q 20,300 .00095 21.4

125 25,400 .0612 | 21,2
150 30,500 0015} 20.3

175 35,600 . 002 47,8

200 40,600 L0625 1 16.25
225 33,600 1 .0032 ;14,3

— I

250 50,800 1 _,Q042 1 1z.1 . |
275 55,900 | .0056 __y .. 9.99 |

~ il et S T s

b o—— e =~

300

sso | | - | ) -
575 I
60u
625
_,_7_(.)3") " - T SR —
675 , , N ]
00 1 Ny -
725 |° |
———— ———— et I et ——-Jr---—q-n—'-—‘-—-—-—v- | ———— v———
750
—_— : RPN, SO SN
775 , )
j - - e fem i e _
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DATA SHEET Pewe 1o 1

Date 21 Mar 1962

Sample 22-1 Tec: N
— est No.

Area ) o Metal Centrol
E - 904669 in? By Laboratories, [nc.

‘ ELECTRO-OPTICAL SYSTEMS. INC. W.A. 2100

S ]

Lead/ibs Stre~s ps1 RS SIS B R A -

25 5,350 .00022 2.3

50 10,700 00045 | zs.s |

_ 735 T6,050 L0007 1 22,97 B

100 21,600 | .o009 | 23,8

125 26,200 0011 [ 3.8 |
L 1so 32,100 L0135 ‘"_"“'2_3;33: j

175 37,400 .00:6 23.4

200 42,800 ___zifv’_z’]%__,w-.”-}?_.A_M -

225 48,100 .0022 z1.9 L

53,500 0025 | 21,4

0
275 58,900 .0028 21,0

.—-1 —— - . . ——— e < - ———e e b e v e —————
3G0 64,200 | .0032 | 20,1 |
325 69,600 __20036 | 9.3\

356 74,200 _.0041 18,25

) 375 80,300 | 0047 17,1
400 85,600 .005 16.16
------ T i s, BTt e e et 4 e = e e e ey
5 90,900 .0061 _49 | L

-

525
, ) - S S -
4 550
. — 1. . S

575
i 600
‘ S N - .
! 625
v i T - =
b 650
E' ———— — PRSP T VRIpI NSRS
. 675
E $ 700
A 725 ]
ég. 750 i
3 775 T

SN SN I

- 800 1
§ 2100-IR-1

83
L LI | 247 { £ “ ~
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DATA SHEET i !
D.te 21 Mar 1962
!
Sample 22-2 Test No. -
Metal Control
Areq . 004669 inz B, Laboratories, Inc.
. ELECTRO-OPTICAL SYSTEMS INC. W.A. __ 2100
| !
iy , . . ' "
L:ad/ b - Stre s psd) oSt cinaald Y
2% 5,360 .00025 21.4
————— - ~ e e e — —
50 10,700 .0005 2i.4
75 16,050 .00075 | 21.4 )
100 21,400 _} .v0lo0 2L.4
125 26,700 .00i25 | 21,4
150 32,100 0015 | 21,4
175 37,400 .0018 20.5
200 42,900 o +0020 | 21.45 )
225 48,100 .00235 20.5
250 53,500 | _.0025 | 205 | —
275 55,000 L0036 ] 15.65
300 64,200 Y A 0034 _ ab.9
325 69,600 .0038 8.3
350 75,000 L0042 17.85
375 80,200 00465 17.25 _
400 85,700 .0053 16.2 R
. +0053 _ 16.2 .
425 ] 91,000 | _.G059 . | __15.4.__ B
S 96,200 .006/ 14.4
475 ’
. Tz -
500 L
525 N
550
575
600 i
—
625
650
675 ) ) 4
700
725
- r—t
750
775 B _ L
800 . :
2100-IR-1
84
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DATA SHEE | Puge 1 of 1
Date 21 Mar 1962
Sample 22-3 — Test No. —

E Arca .004669 in’ B, Egbiidng f:i Inc
. ELECTRO-OPTICAL SYSTEMS, INC. WA, 2100
s Load, ths ' SUressipait Straaa, on, LIS 'I'E'Jb

> 5,350 00022 | 263 |

20 10,700 . 00045 23.8

L 16,000 | .o007 |  22.9 |
w00 | 21400 | oooss | 228 )

125 | 26,800 | oo | 223

L 50 32,200 L0014 | 2z.9

175 37,400 00162 23,2

206 42,900 -00185 232

225 _._48:200 .0022 21,9 o

250 53,500 L0025 40 2.4 4

275 59,000 | .0078 _ | 21,0

300 64,400 | .003) | @ 2L.4 L

325 69,500 0036 | 193

350 75,000 L0040 18,75

. 375 80,400 . 0046 17,45, -

400 85,580 1 .0032 | __16.5. .

425 91,000 | .0060 |  15.14

450 96,200 .0069 13.95

475

500 ] o __; T

525 e

550 . R h-_“___w,______________mq

575

600

625

650 o "}— o T N

675 _ L

700 I

725 _ ’___—_- _ ‘

750 N

77% ) T B}

800 o T

2100-IR-1 85
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] { ARORATORIES CHEMICAL - PHYSICAL - METALLURGICAL - QUANTOMETRIC - NON DESTRUCTIVE - INSPECTION - REBEARCH
«
~
MeETAL CONTROL LABORATORIES
INCORPORATED
2735 EAST SLAUSON AVENUE
HUNTINGTON PARK CALIF.
LUviow 8.4161
CERTIFIED REPCGRT OF PHYSICAL TEST
FO AT Ui U CLECTROTMTLCAL 575 DATE (e,
Youx P O No 13295, SL;] ner el FiLE No.
MaruracTuREL BY. SECTION No.
Pri1e CONTRAZTOR: MATLRIAL flectro deposited
uicrel specineus
SULCONTRACTOR ’ SPECIFICATION
CATTN- Nru W, D, McCary
T T AL PRoPERTES o
: “IELD POINT- ! 1EN$ILF STRENGTH; )
HEA) ACTUAL | ACTUAL |,  ACTUAL | POUNDS PER | | ACTUAL POUNDS peR:  ELON- | ELON. rEDUcep , REDUCTION |
) i . GATION | GATION OF AREA CODE | LAB MO.
_NumetR oy s j AREA LORD IN ABS. tono il SO MM L NZIN. o pER CENT DIMENSION | pem'cent ! S
b - o i ~
ROOM TEMPERATURE TENSILE TESTS ! " |
r-23 ‘ !
1 2490 !
’ 0084 OOQ()Q" 172 31100 533 175000 | 0,03 4 42-122F
o 1 -~
; o)
’ A0 J o e ) )
i 0093 422 380 33500 548 110G 1 0. 08 a .
3 —'492 |
L0063 ~OG<}D?2 L2005 97:00 330 1125001 0.10 S
£225
1 L4207 .
TGS 1 -y ;e GUATL g L3N by ’ v
L0083 004374 435 19400 536 143000 1 0 03 4
|
2 Lc97 |
" ! . .
L0023 004374 430 98300 | 636 145004 08 4
3 4(\ﬁ "
' ' TOGHY .)J-'&37(/’ 4538 5000 a2 147000 % 0.10 s
{ | I
‘ !
i
: | | |
: i
L N R f L I
| i ( i 1 : !
MAXIMUM REQUIREMENTS ! ! i ' i : ' | i
- ! ! - ! [ S IS S -
T N U i T T T i‘“ , - T - I i -
MINIMUM REQUIREMENTS i ' ! | | ! ‘ \
t ' i . R -

YIELD STRENGTH BY EXTENSOMETER AT

C,2% Offaet

; Code:
{f) indlcates flaw

" {G) " hroke outuide gauge mark
f‘ﬂ! " hmkl at naugu mark

1"‘ .

.} NAVY INSPECTOR
1 ARMY INSPECTOR

N 27,

* Yield approximate dae Lo
entensometer

malfune Lion .

llSPE

ULW SUBMITTED /,

é/”a» =

WITNESSED BY:
\
14

o 2100~1R -1 87
All REPGARY, ARp SLUVEITRG AG YH' CONE I NITAL PR s 0Ty 0o CHITNTY AULTHUORIZATION FOW PUnRt L2 THGN QF OUR KLPORTY,
IRAGTY PR X UR o GWAKDING "HiM RECR D PENulen Yo WRITTLH APENIA] AL A MU TJUAL PRUTEGTIIUN 19 CLuH}T.« T

YAL CONTROL LABORATORIES

CHEMISTS - METALLURGISTS - ENGINEERS - INSPECTORS

CUNCLLSIONG, Of §X.
Folitly AN CURRBLYES,
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Sample

DATA SHEET

F-23-1

Area

.004662 in2

‘ ELECTRO-OPTICAL SYSTEMS, INC.

S

-

Puage i ol 1

Date 6 April 1962

Test No.

Meta! Control

By ——__Laboratories, Iuc.

WA, 2100
T
Load/ lbs Stressiparl Stroan/ia, v
| 5,370 | _.0002 | 26.85
50 10,720 0004 26.80 |
5 [ w0 | oo0s | aewo | ]
1003 21,400 | L0008 | 2_6.75_____; L
125 26,850 0010 26.85 ]
150 32,200 | _.00130 |  24.80 |
i75 27,600 00155 _f . 26,20 ¢
200 43,000 | .00185 | 23.20 |
225 48,300 I .00215 22.50
250 53,700 | _ .0025 3} 21.50 B} _
275 59,000 | ,0029 | 20,35 }_
300 h4,500 1 00325 | w8 o
322 69,750 0039 | 17.90 | e
350 75,200 0044 17.10 A
375 80,500 .00515 15.65 - .
400 85,800 0060 | 14,32 — —
25
450 I .
475 . 3
500
525 T
550 o T o
575 )
600
625 B
650 R B T
675 - o -
— - o e
725 L
750 T
775
800 I
2100-1R~1 88



DATA SHEET

Page L of 1

Date _“_ﬁ April 1962 ~

S~ ple Fo23-
F-23-2 Test No. o 1
. eca ontro
E Area 004622 inz By - Laboratories, Inc.
. ELECTRO-OFTICAL SYSTEMS  INC. W.A, 2100
S | )
Leud/ 1bs Stre s/psif sb:ain/ . FoLoYiu Ser
25 5,420 . 00022 24,65
20 10,830 .00043 {  25.20 ~
/5 16,250 .00064 | 25,35
100 21,620 .00087 | 24,90
125 27,100 00110 | 24,62 —
150 32,500 .00136 23.90
175 37,900 .10160 23.70 |
200 43,400 .00190 | 22,82
225 48,700 00220 22,10
250 54,050 00258 | 20,95 |
275 59,500 .00294 | 20,25 o
300 64,950 _.00340 19,10
325 70,400 .00390 | _ 18.05 R
) 350 75,800 . 00450 16.85
375 81,100 .00522 _15.52 |
‘ 400 86,600 L 00612 14,15
450 I o i
..1}._
LI R D e
500
525 _
4550
+ —
575
600
625
650
675
700
LN R R
750 ]
775
800
2100-IR~1 89
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Sample

DATA SHEET

F-23-3

Area

E

.004022

[0

in

‘ ELECTRO-OPTICAL SYSTEMS . IRC.

ol

————
O April 1362

“Motal Control

Laberataries, Inc.

G

W

|

! 1
.

48,700

37,800 _
—} 43,500 |

24,190

59,550

00282

64,990
70,400

... 75,100

81,100

- -00366 °

86,500 1
91,900 __ |

.60321

200411

. .00188
00212 .
00259 ). ..

H !
) o
: 1
....... 4 -4 —
‘T T
5,403 ocozz ! 24,38 )
- —— --— - . - R e ——————— e
10,810 00042 | 25.75 |
. e} P } S
| 16,200 | -00065 26,95 |
731,620 0009 24,10
C e —— g - - - - ——— e S .. s e—— — o c——
27,050 00111 | 26,35 B
32,40C 00138 23.5¢ !
R B - Ao

]

S ORI,

— r.,, —~—

e ——

e e ey

R

s e e bt L'.— S o
700 N
s | N I
-—— - B At

2100-1R-1

#m

- EOS 'FORM 247 (REV.)




001

06

'

(198440 4us013d 2°0) 'ANIOd GT3IA OL 01 X SSIWLS -
0L 09 o8 .

08

s

0L

P

LLET=g VS 918 tovd

09

ov

0¢,

0¢

Ol 0

{

T

1

1

T

—T

m
1 61 X
m9
ﬁ... 2>
i 1 G2
¢ ON - [ i
2ON - ¥
T [ 'ON - © 1 °¢
— QN3937 —-
A L ] j d i1 | 1 1 G

N o RSP R i IR AR R Y

a1

g7364334 2106-TR- |

purey oW LI

-




perey

Mesmene y

NUTUR

A bas b

tang ot
DATA SHEET Pane 1 o0 1

Date 6 April 1962

Sampie F-25-1

it - Tn_t No. -
Are: ) . 2 Metal Centrel
E Fd -004374 in <8 Laboratories, In-,

‘ ELECTRO-OFTICAL SVSTEMS, INC. w A, __ 2100

Loadyits f Scr-- el Siesin, e

z 5,726 .30025 2:.8

: Bty Smnaset M el
5 11,430 .00048 3.8 i
75 17,330 00074 23.2
NS . —— P S,
189 22,820 . 00097 N _23:_‘(?_‘_4~ _____ _
12> ] 28,600 00121} 236 |
130 14,300 _-00150 i @ 22.8 +-
175 40,190 00180 | 22,2
200 45,700 -00210 21.8
225 51,500 00240 - 2.4 o
. 250 57,200 | .00275 | 20.8
2:3 62,900 |  .00312 20,2 e
360 68,600 )} _ .00352_} _  19.5 —
b 328 74,400 .0039_:{_ <Lw_ml_?.0 S . ]

350 80,C00 .00439 18.2
‘ 373 35,800 .00488 17.6

400 91,590 4 L90542 . 14
97,200 . 00602 16.1

————— ———— e e e - -

0 103,000 .00672 15.3

— -4 IV, RSSO S ———

675 B e
T ) L
729
. S RS S
s ] . T

r_..__—_./ ——— e ——

2100-1IR-1 90
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DAfA SHEET Poae _° o N

{‘)Jt‘; 6 :‘\Pril 1962

Samp!e F-25-2

foue Mo,
A 2 Mctal Control
E red 064374 in 3 Laboratories, Inc,.

‘ ELECTRO-OPTICAL SYSTEMS. I1NC. WA 0o

s ¢,
Yo

Looaal it s NESE AT B B AL L. =

2 5,720 .00020 28.6 |
R 11,400 .u0045 25.3 !
73 1050 | Toooes 1T Tzsi T

1
|
i
{

100 22,900 .B0090

izo 28,600 00115
——— JR— -

150 34,400 ) L0040 L 24

175 40,000 .00176 23.6

200 45,800 { .00199 | 23,6 |
225 51,3540 .00230 22.4

- s T I - ———
T 250 57,200 .G0264 21.6 - B

275 63,000 |  .07302 20.5 |}

{

)

)
\

o ts‘
"mw\
l I
b
i |
|
|
P
|
|

oo fesgeo | eesse | oo [T
325 74,400 ___-90382 1 19.5 e ]
350 80,100 .00425 __18.8 . ]

" 375 85,800 -1 .00478 Va7 b _
| _sou | 91,500 ] 0053 7.2 S I

e e . o A——n 1 22 oo e it e et

50 103,000 L0066 o 13.6

350 __ _ ) o ]
S7u
— PR SN y
600
————— - ———
625
650 T 1 T ]
N —_— e —)
675 _ _J_‘___< o
700 . o _”_ e
725
- e s 4t i i it n o mw ek s M amme e =8 mre dime e——— ———— - .-.._._..___.._..__.*

2100-IR-1 93
"8 FORN 247 (REZV.)
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Page 1 of i

DATA SHEET
Date 6 April 1962
Sample F-25-3 Test No.
Area 2 Metal Con%rol
E .004379 in By Laboratories, Inc.
‘ ELECTRO-OPTICAL SYSTEMS, INC. W.A. ___2100
s Load/ibe | ostiess i) sioaa v
2> 5,710 .00025 22.8
30 11,150 00050 | 22.4 ]
7s | 17,130 To0076 | 226 ] ' T
100 22,800 00102 | 22.4
125 28,550 .00132 21,6 B
150 34,200 .00160 |  21.4
175 40,000 .00188 | 21.1
200 _- 45,800 .00220 H 20.8 _
225 51,500} .00255 | _ 20.2 —
250 57,100 | .00285 20.0
275 62,200 00322 19,5
303 | 68,500 | 00362 | 18.9
325 74,200 00403 | 184 | ]
350 80,000 .00448 17.8
375 85,700 .00496 17,3
4LO0 91,400 q“*.‘QQSSO .,__.,.‘{6;6*- _ .
425 97,000 .00610 15,9 |
450 1 103,060 ! ,00675 15.2
475 108,506 00750 | 14,5
500
| 525 -
550
575
600 i
625
. 650
675
700
Crs
750
i ’ 775 ‘ i
800 ' : !
2100-IR-1 94

€05 FORM 247 (REV.)
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MITALLURGICAL QUANTOMETRIC - NON DESTRUCTIVE ~ INSPECTION - REGEARCH

? J 2 'n‘m.\ruu- CHEMICAL - PHYGICAL -
z - METAL CONTROL LABORATORIES i
i N IORPORATED
2735 EAST SLAUSON AVENUE
HUNTINGTON PARK. CallF.
i LUDLow 8-4161
4 CEKTIFIED RTSPORT OF FPHYSICAL TEST
Eo «Ar 7 i~ o 1T T W APTICAL SVSTENS DATE .. 2
Your P O MNo S, Sewvcer C-025 FrlLe MO
MEUFACTURE SrcrioN No.
Pr.r CoNT2aCTOR MaTeRiAL Slectre deposiced
aiciiel goecimens
§ | SUBCUNTPACTOH ATYN: My, V. D, Melarv SPEC!IFICATION ’
- T o - 207 ea-.zs
‘ Yiew romt TENSILE STRENGTH: .
HeaT ;\cw;L acruat &C-Yb»-L rounos PER . ACTUAL  POUNDS PER’ ELON- . LiON. - | pepycep | REDUCTION ! .
. i s BATION GATION  « OF AREA CODE | tAB NO.
_ NUMERR o SIEES, AREA ORDINAES.© Q.M. LOADINUES | SO MM D N'Zw._c_eek conr [DMMENSIONG peaicenr | T 1 T
: R . i i i
. . : [ ‘ ;
ROO: ?'PERA"'URE TENSILE IZSTS 1 i ! !
1 N il
| | | |
F-206 ; | = ! !
1 657 , .
i 200582 ¢ .004015 358 54300 340 33000 ] 5,08 4 472-129p
2 497 ; |
H A -y PR N A =
10782 § 004075 353 | 37100+ 54i EEEIVAE RIS I
! i i
3 IR YN ; ’ . . l
L0083 1.004115 335 1 35160 eh [1L2006) o o1 oL@
\ i !
]
F-28 ! - ¢ !
1 496 } |
1 .0041 ! .0020#4 118 58000 171 84105 N .09 -
2 1,496 }
| 0040 1.001984 1144 5770G | 165.4 [83400 | 0,09 5
3 AT ! : |
;.OCL;]. ! (0020#:8 112.4 55300 170.8 83800 | 6.0¢0 3
: ! i l
[ i ! !
_ i ! b L L T N S S
N R i N ) : ;
MAX'MUM REQUIREMENTS i i i i | { ,
- R EE T Rt e e e
MINIMUM REQUIREMENTS | ! ’ i i i
1 I S U, 4 e L - . —
"IELD STRENGTH BY EXTENSOMETER AT IN 2,
q e ,:70 Offset
{F} indicates flaw
(G} . hroke cuiside gauge mark
gl . broke at guvqo motk .
e - PR - fege — T e R N e LU A S, T e et - -——'-—:'-::':—'—‘:.‘.'Z.—-—_.'—‘ ‘3-;;;-—4::\%_—:-;:’:—' Tt S
w}nmssw BY: . mncrr’uv SUBMITIED /,'
. . NAVY INSPECTOR e
U1 ARMY INSPECIOR
// L
i . 96
2100-IR~1 MéAL cowmm 1ABORATORIES
CHEMISTS . METALLURGISTS - ENGINEERS - INSPECTORS
' Ab: Wr PR Af e TT D AS TH'Y LNt NTESL PROPa gty OF CpLeC T AT RIZATICN 1 R PHMGATIGN us WUR RE OR TS, CoNCLU NS, L, ke
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Page 1 of L

DATA SHEET
Date 6 April 1962
Sample F-26-1 Test No.
Metal Control

E Area 0.004075 By Laboratories, Inc.
. ELECTRO-OPTITCAL SYSTEMS, INC. W.A, _ 2100
S Load/1bs | Steo-aipsiy Streiasandd o= ooyo”

25 6, lat .06020 36.7

%0 12‘,_3 W) .0G042 23.2 )

75 18,400 00064 | 28.8 |

100 _?;'3;500 00085 | 23.8

125 30,700 .0011¢ 27.4

150 36,800 .00133 26.6

175 42,990 00166 25.8

200 49,109 .00198 26.8 |

225 55,200 .00232 23.8 -

250 61,40 | .0u271 22.6

25 | 67,500 | oz | 212

300 73,600 _ 1 .0G368 20.0 o

325 79,900 |° 00429 | 186 |

350 86,000 .004)3 17.3

375 92,100 .00577 16.0_ |+ ]

400 1

425 , R ) "

450 - ) -

475 )

500 )

525 -

530

575

600

625

650 -

675 1 B

700

725 . _

750

e I -
80O

2100-IR-1 97

KCS FORM 247 (REV.)
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Page 1 of 1
DATA SHEET tae °

Date 6 April 192

>ample 202 Test No. Metal Control
E Area L006125 By Laboratories, Inc.
. ELECTRO-OPTICAL SYSTEMS , INC. W.A. 2100
S Load/1bs Stre~s/psy] Strain/in. | Ys‘:o N
-
25 6,230 .00024 25.9
50 12,450 -00041 30.4
75 18,680 ”.“ZGbBEEW—ku—"—éé.l_
100 24,900 00092 | 2ra1 | -
125 31,200 .00118 26.4
150 37,400 .00148 25.2
175 43,600 .00178 24.5
200 44,800 00212 1 23.4 )
225 56,100 .00247 22.7 —
250 62,300 00287 21.7
275 68,500 .00384 20.5
300 74,800 00385 19.4
325 80,900 00444 18.2 o
* 350 87,100 00513 17.0
375 93,4600 _| .00594 15.7
’ 400
425 _
450
475
500
525
550
575
600 —
625 .
650
675 .
700
725 i .
750 T
775
800
2100-IR~1 98

FA, Bn | 947 ( ®V)



E
S

DATA SHEET ———
Date 6 April 1962
Samp'e S Test N‘R‘Ietal Control
Area .004125 By Laboratories, Inc.
' ELECTRQ-OPTICAL SYSTEMS INC. W.A. 2100
{ LS
Load/1bs Stress,/ps1) Stran . [ ‘{i')o
25 6,230 .0V020 31.2
50 12,450 00041 | 30.4
75 18,650 00066 | 29.2 |
100 24,900 00088 | 28,3
125 31,100 .00113 276 .
150 37,400 00140 | 26.6
175 43,604 .00170 25.6
200 49,800 -0020z 24.1
225 56,100 .00239 | 23.4
250 62,300 00278 22.4
| 275 68,500 .00323 21,2 B
300 74,700 00375 19.9
325 81,000 | .vo43s | 18 | ]
350 87,200 .00504 17.3 "
375 93,400 .00600 15.5
| 400 L o
425 _
450
475 —d
500 _—
525 _ ) ——
550
575
600
625 o L
650 L
675 R
700
725 I
750
| s 1 .
800 -~
2100-IR-1

Page 1 of |

‘08 FORM 247 (REV)

99
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T Rger

L R

FEEEN

Sample

Area

E

DATA SHEET

F-28-1

0.002034

' ELECTRO-OPTICAL SYSTEMS, INC.

Page it of 1

Date 6 April 1962

Test No,
° Metal Control
By

Laboratories, Inc,

WA, 2100

S

Load/ 1lbs

T

Stre~s/nsy

Stidin/ i,

E vy

25

12,300 00047

5C

LU0LLG

75

36,900 L0090

100

49,300 00319

R SO

125

51,700 .00549

150

175

200

225

250

275

300

325

350

—————— e e -

—

375

400

425

B

450

475

500

525

550

575

e a—

600

625

650

675

700

725

750

R e -~

775

800

2100-1IR-1

"0S FORM 247 (REV.)
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Sampie

DATA SHEET

F-28-2

Area

E

0.001334

‘ ELECTRO-OPTICAL SYSTEMS, IXKC.

Page 1 of

Da‘“- 6 Aprzl 1942

Teet No

By

Metal Contrcel
Laboratories, Iuc.

.\“V ' A 210y

S

":x.

7
!

Pt

SUTL L

25,200

.00073

DRI U

75 37,800 | .ouiar | 251 |
100 50,400 .60280 18.9
125 63,000 .00532 11.8 _
150
41r__
175
200 . o o _
225 l
250
2:.
300 SRS DU B _ -
325
—_— . —— - - - — s s aman
350
375 . .
LN0
L425 )
— Y —_— e —— e -
45C
f e —
415 _ _ .
50¢
325 . _
550 - 'L‘ d
£0Q)
Sm — e~
)4
;T; - ST S —— —_
675
B UV USISUIIYSND S UPPUIPISISURGY WS
iu0
s - R ‘ ]
— — SUREGUEVUNIS LU U SO VO

T R L S

21u0-1IR-1
£OS FORM 247 (REV.)
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Sample

DATA S

F-23-3

HEET

Area

.002038

. ELECTRO-OPTICAL SYSTEMS, INC.

S

Puaue 1 of i

Date 6 April 1962

Test No.
Metal Control

By ___Laboratcries, lac.

WA, _2lu

Stootan

12,250

.30U36

__1A_ JOR
3€,8G0

24,500

.C00338

s

49,000

G665

— e e

00297 _

61,430

- -4

16.5

00558 |

1i.1

—

1

e

650
I

673

700

b— —

A

7z5

- — —

750

175

800

2100~-1IR-1

~08 FORM 247 (REV)
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LEDORAT ORIES
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PH

VEICAL - METALLURGICAL - QUANTOMETAIC - NON DESTRUCTIVE - INS 'ECTIO?t - RESEARCH

R S DA L S VUL G S [ X s e
TCoFT O N HE O R P I L Tz lio
MATIGFALTUN . e
Frint ot acves [ IO LY L heaaa it s
Sl TRAT 20 SPEC.FICAVICN -
L} .
[2% & SO%] . Iy
- — - ool oot
PH1S.CA1 PROPERTIE,_
YIELD PONT ‘ TENSILE SIRENG?
: HEAT FXSTIENY AZIUAL AN FOUNDS PER ACIUAL  POUNDS p2s-  ELON- ELon- kEDUCED ¢ REDUCHION . .
& Ii 5 A A a3 ! Nt . i GATICN ' GAUION . g0 108 Of AREA CODE - tAS 19,
[ISETY SiXe ARE LQA2 NiEs. a3 IN. LOAD .N is$. ) s_o- 2N eER Cent : DIMENS cw_ _eeRceny
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:’ - . o - - T TrooTmTTeT ot ; ‘ , M Al
R MAINIMUM REQUISIMENTS ——— - . . | !
i - e . e e e e . S .U DIUU S S S
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% YIELD STRENGIH SY EXTENSOMETEE o sl IN 2, RN T I Y P SO S S SO TSI
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i age f :
i DATA SHEET Page 1 of 1

Date 9 April 1962

BaAN. ¢

Sampie F-29-1
P Test NO\& o et
Mot fe) i
E Area RUGYS nesat montro

By .boratories, Inc

‘ ELECTRO-OPTICAL SYSTEMS . INC. W.A, 2o

|
: i

150 40,100 00168 23.3
, 175 £5,600 .00207 22.6
200 53,400 | 00250 | 2.3
i 225 60,000 .0030L | 13.9
! 250 | 66,700 | .00361 13.5
) 275 73,400 - -00433 16.9
80,200 .00518 15.5

——— - ———— e e s -

W
(=}
(=}

b e e s e —————— e e

eS——
l
+
I
|

650
675
700
- 725
750
775
800

l 2100-IR-1 106
€03 PORM £47 (REV)
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1 1 i
DATA SHEET Page o

Date 9 April 1562

Sample F-29-2
Te<t No. Metal Cantrol
E Area V.00380 By Laborat-ories,Inc.
‘ ELECTRO-OFTICAL SYSTEMS .  INC. ‘WA, 2100
S Loady ths Strevs psil Strain, 1o, Eo Y:‘)b
25 6,590 L0012 54.9
50 13,160 00047 24.0
75 719,700 | .ooe7a | T 2646 o
[ 100 26,300 ooz | 258
125 32,900 -00134 2a.6 |
130 39,500 .00 1~68 23.5 —
i 175 46,100 -00206 22.3
200 | 52,600 0288 1 - 21.2 |
225 59,340 .002%6 2G.0
250 63,790 L0353 13.6
27: 72,540 -00419 § 17.3 —
300 _ | 78,300 -00499 15.8
325 85,500 00597 | 145 | -
350 ] )
375
400 © ) i
425
— “5
475
500 _
525
5¢0
575
600
625 -
650
675 ;Th o
100
725 o
750 )
175 ]
800 ]
2100-IR-1 . 107
"2 FOKi 247 (REV)
» — ~5£!1?1?='1’?" N ) v e

T pw—- '



Posmirt e

A annes §

E
S

Sample F-23-3
Tesi No.
Area 00390 Metal ConFrol
By Laboratories, Inc.
. ELECTRO-OPYICAL SYSTEMS, INC. W.A, _ 2100
Load/1bs Stres~s/ps} Struin/in, k vin”
25 6,4100 .00027 23.3
50 12,800 .00054 N 251%_
75 19,209 00050 4.0
100 25,600 .00107 240
125 32,100 .00137 23.
150 35,500 .00171 —LéS
175 44,900 | .ovz201 | izzg
200 51,300 00252 20.3
225 57,300 .60303 19.1
250 64,200 00350 17.9
275 70,660 | .00428 16.5
300 77,000 00510 | 15.1 -
325 83,500 .00588 a2 )
350 .
375 ’
400
425 . B
450
475
500 |
525 _
550 ;
575
600 ‘
625 ]
650
75
700 _
725
750
775 ]
8C0
2100-1R-1 108

DATA SHEET

Paye 1

of 1

Date &

April 1962
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Page | ot 1

(RS ]
'

DATA SHEET
: Date 9 April 1962
| Sample F-32-1
‘ E Area 00487 Test N?'fetal Control
i By Laboratories, Inc,
i
' ELECTRO-OPTICAL SYSTEMS . INC. w.a, 210
;
'S
Load/tis | Stres psal strvoaiond] = oo v
3 25 5,140 .00017 20,2
: 56 | 1o, 1 oowss | 270 ‘
i 75 15,400 | .00063 24 .4 -
\ : 100 20,500 00087 | 23.6
125 25,600 Lz | 229
| 150 | 30,800 .an1ij7 ‘ 22.4
175 36,000 .00161 22.3
200 41,100 00187 | 21,9 ~
225 46,200 L ,00215 f  21.3
250 51,400 00243 | 21.1
273 56,500 1 _ .00264 { _2L.4 . ,
. 300 61,600 } .00305 } @ 2u.2 .
325 _bb,700 | .00338 | 19.7 | )
| 350 71,800 00375 | . 13.2
375 77,000 .00418 12,4 !
/ 400 82,100 | .00466 ] _ 17.6
{ 425 87,3004 00316 |  16.9
' 450 92,500 .00572 16.1
} 475 97,540 .00642 15.2 L
500 102,600 .00724 14.2
; 52¢
e 550 o
575
i 600
625 1 . ]
| [ o0 | il
L 675 L |
3 100
725 - ~
750
o i 775 , 1
; 800 1 ‘
1 2100-IR-1 110
T £0S FORM 247 (REV)




Pane 1 of 1

o

DATA SHEET —_—
Date 9 April 1962
Samele o Test NO e oeraT
E Area v.00476 By I.:a;bzratz:é:; Inc.
. ELECTRO-OPTICAL SYSTEMS, INC. w.a, 200
S ~
Load/lbs | Stress/psi| Strain/ic. E o YL()b
25
50 10,500 . 00051 20.6
75 | 15,750 | .o0078 | 20.2 IR
100 21,000 00102 | 20.6
125 26,200 .00123 .Migéls
150 31,500 .00136 20.2
175 36,800 00131 20.3
200 42,000 00709 20.0 _
225 47,300 .00237 1.9
250 - 52,200 .00266 19.7
275 57,800 00292 19.8
. 300 63,000 | 00325 |  19.4
125 68,300 .00358 5.0 |
350 73,500 .00396 18.5- B
| 375 78,800 00437 18.0
400 84,000 "482 17.4 ]
425 89,300 L0053 1 16.8
450 94,500 00587 16.1
475 99,700 00647 15.4 ]
500 105,000 .00718 4.6
525
550
575
600
625 ]
o 650
: 675
by 700
! ? 725
i . 750
- | 778
' - 80U N .
b gg
v 2160-1IR-1 111
EOS FORM 247 (REV) - )



Page 1 of 1

DATA SHEET
. Date 9 April 1962
é Sample _19.
§ P F-32-3 TestNoM[ e
) eta ,ONnLro
E Area V.00472 By Laboratories, Inc.
' ELECTRO-OPTICAL SYSTEMS INC. w.A, 2100
S ,,
. Load/1hs Stre--/psif Jtraga/io, KoYl
|
: 50 1¢, 600 .00040 26.5
! 75 15,550 | .00057 27
e e e e e e e i -
) 100 21,200 . 00V8 L 26.1
% —_— e e s m m s meel—— — o asnde e e —
] 125 26,400 .30099 26.8
e R i e el i — -
) 150 31,890 00122 1 26.0
! ‘ 175 37,100 00146 25.4
| 200 42,400 | _.omivo__ | 24,9
225 - ;
ﬁr__ﬂl,b.m___ 0197 24.2
250 53,090 00223 | 23,3
275 58,300 00251 23.2
300 63,600 | 00235 | 22.3
325 63,900 00320 | 21.5
350 74,000 00359 | 20,6
. 375 _49,50y_ L0403 19.7
| 400 34,700 0449 18.9 i
) 425 90,000 00499 18,0 -
450 95,409 .00558 17.1
475 100,020 _.6u621 16.4
500
525
550
575
prmm - ————
000
S
625 —_
i 650
’ 675
i 700 . _
725
750
1 775 3 ) _
\ 800
P i 2100-IR-1 112

k EOS FORM 247 (Rev)
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- I LABORATORIES CHEMICAL - PHYSICAL - METALLURGICAL - QUANTOMEI RIC - NON DESTRUCTIVE - INSPECTI(ON - NESEARCM
hy - .

- INCOMPCBATED
2735 EAST SLAUSON AVEMUE

HUKTINGTD Y PARK. CaliF.
LUoLOW 8.4161

LS

g I : M=TAL CONTROL LABORATORIES

CERTIFIED REFPORT OF PHYSICAL TEST

2

{3 NAVY-INsPECTOR , ) e , N7y (. ’\ a

N - -
;.-» For ACCOL T CE eIV T ,-.»"\.:’. SN -;‘.:‘i' L, .:.:‘-('- DATE : B R T2
- ! YOk T O g 18523, Snipper p-U52 ’ B ‘ FreNo. -
T MANUFACTUSRED BY: _ _ SecTion Na. i
i l_ PRIME CONTRACTON- - o . ‘ N | MATEKIAL xickel Spc-ci‘.:e:‘:;:
;ﬁ i SUECONTRACTCA: ) . N SPECIFICATION -
5;: . L_~_-_._ /’ e o -::’t::: Jir. .o g sCUrazs
:::, - - —:-.,” - —: T T i PUYSICAL PROPESTIES
Z i YIELD PORNT: : - TENSILE STRENGTH: A
j - ; T acreas § m—:_ ACTUAL ! POUNDS PER : ACTUAL fmsm £ - Vi_ HON-  § srouTED REDUCTION 0 !
‘% s Wi DOAREA 1OZDNISS. D SO M. 1 LOADSH U 1 SQ. MM . ,&"& omeesov | O Ae = 1S NO.
¥, - - T T T Ty T e - I e b -
Ty UL TA2SATIHL Tio .x.a. 1.-.3'!' 1 i : |
3 ['? =53 : : i : | N . 42
S| 501 190401} 325 | 8100C L 305 1i30006| 0.i8, 2.6 | s
£ PonEn : . : - ) ’ 3 R -
! -t : a1 - .
Eol oz .50 L00435) bu0 TV | 434 li200uu] wel8 9.0 | . - le L
f 1 RV T : . . - - ) -
‘% 3 | .200 ,00455] 372 71000 7 o0 [ri0000) u.l6! 8.0 - i
£ IS S E2 0N B . b i
P S | i - 4 -
3 -71 P W 30U ’r’)O.J.S:’) 203 R-BUIN 302 124090 U.12 5.0 R
; L= : ~
$ - i «DUSL i - I
% 2 4500 00255, 208 32000 330 120000]- 9.1} 3.3 o
‘. L0051 - .t ' e
. 3 W30l R0025361 212 83030 {1 U415 120009 0.08 D
¢ . =TT ’ - S
: : «U5 ). . . -
i 137 91 - ‘ 5
o1 1,200 Logu7o] 230 7402 203 |L100)0] U.ll | .5
' REECr I ' -
T f 220 Luuz8il-202 720C0 319 115000F  JLi0 i 9.u g
O PR RS oLl ) ! ; ‘
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E Area

Sample

DATA SHEET

Cpa33-t

; 9.0¢401

-. ELECTRO-OPTICAL SYSTEMS, INC..

S

/

‘Page 1 of :

Datc 9 April 1962

Test N0, e e
Me:zal Contrnl.

By ‘__.‘Lab()! i:g! ; VC -

W.A. 21060

Load/1lbs

Stressib}i

Straiafin.

E » 7i0°

25

50

12,500

75

.00G4s4

- 28.4

100

-.00088

28.4

i25

25,000

150

00142

26.4.

175 -

37,400

—
<.

- 200

" 50,000

.00207 - 24,1

. 225 -

250

. 275

62,400

06291

21.6

—

300

.00405 -

325

- 18.4

350

.00571

15.6

375

400

425

450

- 473

500

525

550

575

600

625 -

650 ~

-675

700

725

750

778

800"

2100-IR%1



Sanuﬂe

DATA SHEET

F-33-2

0.00415

Page 1

of

Date 9 .pril 1962 ~

Test No.
Metal Contrcl

EArea

By Laboratorjes, Inc.

' ELEC‘I‘RO-OPTICAI. SYSTEMS, INC.

WA, 2100

: Load/ibs | Stress/psi| Strainsia] E x vi00 | )
: 25
50 © 12,650 .00045 26.8
b ‘_75 .
g 100 24,109 E .00092 26.2
1 125 : ) ) "
.- 150 | 36,100 .00146 24.7
) -‘L—-— 175 i T TR RN TR e ———
250 48,200 00216 22.3 _ -
A 225 , : -
i : 250 60,300 - .00309 19.5
T 215 N ) -
[ - 300 72,400 ! - 00431 16.8
; H ) 325 . , . - z
: 1} T 350 | 84,400 .006i3 13.8 |}
R -375 ‘
T . - a ] R -
i 425 - _
s 450 5
[ 475 . ‘
P <500 1 -
b ) 525 - !
550 i
S 575
[{ e 600_ - v )
e ® ) 625
* 650 —
B.OW S S
G 675 - /
! E - 700
. 7257 )
.- 150 ik
778 o
: L - - oL
e B - ~ o ~ B _Q i
N 1 oo K W 117 ~ £ LV N
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- " Sample

DATA SHEET

F-33-3

E ~

0.00455

", ELECTRO-OPTICAL SYSTEMS, INC.

Page 1 of 1

Date 9 April 1962

Test NO. - o
Me.2l Cont-ocl
By

Labor. toriex, Inc.-

Vi_A.

2100.

S

Load/1bs

r

| stress/psi

Strain/in.

E x vio’

25

50

11,000

.00041

26.8

75

100 -

22,000

.00083

© 24.8

.- 125

150

33,090

—

22.7..

175

" .00145 . -

L4

. _ 200

44,000

——

20.8

225

©.00212

250

55,000

275

.00300

18.3 -

300

66,000

.00418

15.8

. 325

350

.60593

375

77,000

~13.0

‘ 400

425

450

475

500 -

325

350

- 578

600 -}

62°

.

630

o

675 .

700

, 725

750

Ll s

o

2100mTR={ .

XY <o -

:,(‘;Y ox
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Sample

DATA SHEET

F-36-1

Area

0.00255

’ ELECTRO-OPTICAL SYSTEMS, INC.

-Date 9 April 1962

3

Page 1 of 1

Test No.
By

Metal Control
Laboratories; Inc.

2100

W.A.

S

‘Load/1bs

Stress/psi

Strain/in.

E x YlO6

25

4,800

.00038

25.8

50

19,600

.00077

25.5

75

29,400

.00118

24.9

100 -

39,200

.00163

125

49,000

.00219

_24.9
224

. 150

58,900

.00287

20.5

175

68,600

.00378

- 18.4

200

78,500

.09496;

15.8

225

00660

13 .4

. . 250°

88,300

T 275

. 300

325

350 .

375

400

‘425

450

475

300

525

550 ~

- 875

600

4 - 625

650

673

&

700

o 725

750

7735

800

o

2100181
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Sample

DATA SHEET

F-36-2

0.00255

Page

Date

1 Of

)

- .1 3‘I=t ELECTRO-OPTICAL SYSTEMS, INC.

9 April 1962

Test No.
Metal Control

By — Laboratories,Inc,

W.A. 2100 .

Load/lbs

Stress/psi

Strain/in.

E x YlOb

25

9,800

.00043

22.8

50

19,600

.06080-

75

29,400

.00120

100 ~

39,200

.00169 -

125

.00223

150

49,000
58.900

.00284

175

68,600

.00372

200

78,500

.00482

225

.00628

250

88,200

275

300

325

350

375

400

425

450

475

500

. 525

550

575 . |

T 600

925

, p
675

. 700

725,

750

773

800
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DATA SHEET

Sample F-36-3 ~
4rea r.00256

' ELECTRO-OPTICAL SYSTEMS, INC.

S

Page 1 of 1

Date 9 April 1962

Pest No.
. Metial Control

V. A, 2100

-

Load/1bs

Stress/psi

Strain/in.

25

9,760

.60040

50

. 19,500

.000™"

75

29,300

.00118

100

39,100

.00165

"125

48,900

:00218

150

©58,600. |-

.00282 °

. 175

68,400

00363

200

78,100

.00464

225

.00602

o L}« Lo 3 e le | e | e
o |Wiw|e & |enjoo]| &) &

250

88,000

275

300

325

350

375

400

425

450 -

_475

500

325 -

550

575

ra -
3

625

650 |

675

~.700

S 725

750.

773

800" -

. 2100-IR-1

12
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PRSP

~ Sample

DATA SHCET

-F-37-1

Area

.00270

Z' ELECTRO-OPTICAL SYSTEMS, INC.

S

. Test No.

Page 1 of L

9 April 1962

Metal Control
B: Laboratories,Inc.

W.A. 2100

Load/lbs

Stress/psi

Strain/in.

N x Y106

25

9,250 °

.00040

23 .1

50

18,500

.99977

24.0

75

27,800

.00120

23,2

100

37,100

.00168

22.6

125

46,300 -

.00228

20.3

150

- 55,500

.00299

18.

b)

175

65,000

-.00387

16,

7

200

14,000

Q304 Y 14,7

225

83,400

00682

12.2

250

275

300

325

350

375

400

425

- 450

473

)0

525

250

~— _ v, '5 75

600

- 625

h50

675

700

725.

750

775

800

2100-Tk-1

123
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DATA SHEET

P=-37-2

0.00281

ELECTRO-OPTICAL SYSTEMS INC.

Page- 1 of 1

Date 9 April 1962

Test No.
By

Meta] Control
Laboratories, Inc.

WA 2100

L;)id/lb\

Stress/psi

Straian’/in.

E ~ YIO6

8,900

24.7

) . 23 0036
S 50 17,800 - |- .00072 248 )
i1 15 | 26,7200 '] -00110 24.2

g j } 100 | "35,600. | .00157 22.6

%’3“‘ i 125 44,500 | .e0211 21.0

£ 150 53,400 | .00277 19.7

g,; _{ < 175 62,300 00367 17.0° -

¥y . 200 71,200 .00444‘_ 16.0 -

: l ) 225 - 80,200 | .00638 12.5 .

%‘;: S . 250 - '

% - + 275

3 { 300

£ 325 -

¢ I 350 | -

%. o 375

i ;‘ ; - __400 ;

§ .5 3 425 - ’
E e 430 - 2

L s ‘ >
[ : 525

é O 550 ]
N 575 - v

g i, o 600 - )

E = X 625 ] i i

£ I T 650 T
g o 675

UI ; - 700 ”

B2 725 | ¥ : i
- ] 175" -

o 800 il > o s i
= & ‘ S o . MR
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Sainple

DATASHCET

F-37-3

Page 1 of 1

Date "9 April 1962

Area

0.00289

Jllli ELECTRO-OPTICAL SYSTEMS, IMC.

Test . S——
N%etal Control

Laboratcries, Inc.

By

W.A.

2100

Load/1b;

Stress/psi

a2

Straia/in.

E x Y10

25

8,650

.00G33

26.2

50

17,300

.00068

25.4

75

25,990

.00104

25.0

100

34,600

90147

23 .6

T 125

43,300

.00199

21.7

150

52,000

.00263

19,7

175

60,500

.00344

17.6

__200 -

69,200

.0C446

- 15.5

225

» .00594

13.1 -

_ 250

78,000

275

300

375
350

prver

375

_400

425

450

475

500

525

550

575

600

625

650 -

615 |

| Ly
- 700

725

750

775

800 . |

2100-IR-1



proy

C e N et e e g L

Wml€-d THWYS  ¥Z-€ 914 S : SR

S . , V ] . , - i/ . s )
(1954)0 jusdiad 2°0). ‘INIOd @13IA OL OI X SS3M¥LS = o

001 086 08 0L 02 . 0§ . or ~_ oO¢ 02 201 o )

T T A EAPNRRR A I T ., T T RS S S > 0
, ' ' I - . ~ 2
1S _
.u«)
 d o
- Gi .wm m
.ros;
il
- ON i
G2
A — N '
€ON -~ 0O ‘ . . , .
Z2ON -~ . N , . . g : ‘
i I'ON - O, : _ 3 , 4 og. 4,
_ aN3937 ‘ » g %
=z
i =
] | L l 1 | ] l 1 GE ~
" R .

e Ll

Yot ey, bwony rewen R N SRS L S Seoat R Ll

]

w " 7,3§4$42




LABORATORIES, CHEMICAL PHYSICAL - METALLURGICAL - QUANTOMSTRIC - NON DESTRUCTIVE - INSPECTION - RESEARCH .

‘ METAL CONTROL LABORATORIES y

. INCORPORATED - .
2735 EASTSLAUSON AVENUE ~

HUNTINGTON PARK. CALSF. ‘
LUbtow 8.4161 )

CERTIFIED REPORT OF PHYSICAL TEST

FOR ALLUULNT OF- sl ST -0OP TG GY O 5, 38T, R DATE = J=352
Your P O No. = _Llé8U3, Hbipper u¥-1343 o FiE No
MATIUFACTURED BY: SecTion No. ’
PRiME CONTRACTOR: . ) MATER(AL sicael . Specimens
SUBCONTRACTOR: B . SPECIFICATION D m—ien L
‘ . . - . - R -
Tt T T PRYSICAL PROPERTIES =
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DATA SHEET = - Page 1 of 1
Date 9 April 1962

Sample  F-39-1

Test No. -
- Metal Control

Area 59
0.00459 By Laboratories, Inc.

T
hem

ELECTRO-OPTICAL SYSTEMS, INC. W.A, 200

t
[
L]

Load/lbs | Stress/psi}] Strainfin.} E x YlO6 )
: 25 5,450- .00025 218 1 - .
' " 50 10,900 .00047 23,
_ 75 | 16,350 .00070 23,
e - . 100 | 21,800 ‘| .o00% 23. }

125 27,200 .00125 1.
150 ° 32,700 .00159 20.
‘175 38,200 "} .00200 19,
* 200 1 43,600 .00250 17.
I - 225 " 49,000 .00308 15.9
Lo : 40 | “s4,500 | .00380 | 143
e 275 60,000 00474 12.6
' 1 300 " ] . ,
325 | . R :
350 | . , o 1 T
375 ' N - o N
400 | - 0 f
425 - - 5 : .
L S -osso K T N
475 - : : ) .
] 500 - ~ B ’
Lo e 525 - v ]
B : 550 , ) "
1o, b sis . - , . I
v . 600 R o, ' ' ’
y 625 .| : S -
‘ 650 | - e e s
675 - - , ]
A 0 7 , - o s}
725 - s e ]
750 o T S RSN I E—
175 __ , N T I
800 - -} i ‘ EE

EILLYE - I L. ' ; A
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DATA SHEET Page 1 of 1
. Date 9 April 1962
Sample _F39-2 Test NoM
Area 0.00471 Lﬁ? 1aﬁ°“?‘°‘l' =
By aboratories,Inc.
. ELECTRO-OPTICAL SYSTEMS, INC. w.a, 210
Load/1lbs | Stress/psi] strain/in. E x YlOb -
25. 5,300 .00020 26.5 '
50 16,600 .000%0 26.6 e
75 15,500 .00060 - 26.6 o
100 21,200 .00081 26.2 . -
125 - 26,500 .00108 24.6
150 31,800 .00137 23.2 ’
& 175 37,200 ~ |  .00170 . 21.8 - .
~ 200 42,400 .00210 “21.1
225 - }_ 47,800 | .00260 18.4-
250 53,000 ©.00324 - S 16.4
275 58,400 .00467 4.3 - - M T
300 | 63,700 | .00504 12.6 .
325 i
. 350
375 _
400 E
425 -
450 .-
478 . - V
500 y
525 ] ’
550 R = :
575 | - v N BN
" 600 e , | ]
625 B - | R
T - es0 K ) - h
- 675 -
1 20— 1 - —"71. - T
q25. | :
T ‘ : .
775 i - ,
800 v 5 )
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DATA SHEET Page 1 of !
' Date 9 April 1962
§ample F-39-3 Test No
Area 000475 Metal Con?tol
By. Laboratories,Inc.
ELECTRO-OPTICAL SYSTEMS, INC. w.a 2%
. [ - 6
Load/lbs | Stress/psi] Strain/in. E x Y10
25 5,270 .000L21 25.1
50 .. 10,522 .00042 "25.1
1) 15,800 .00065 _ 24 .3
100 21,050 .00091 - 23.2,
125 26,400 .00119 22.1
150 " 31,600 .00151 '20.9
175 36,800 ,00191 19.3
200 42,200 .00239 176
225 47,400 . .00300 - 15.8
250 52,600 0282 | 13.8
275 - | 58,000 | .00495 -  il.7
300 I ‘
325 :
350
275 .
400
" 425 ]
450 - )
475 ) )
500 _
525 )
" 550 .
575 T .
. 600 ]
625 oo 3 <
650 -
675 . - :
100 ‘
725 3 - T
1. 7% h
175 e s
800
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4, ADVANCED COATING STUDIES

High refiectivity coatings that are compatible with electroformed
structures and exhibit a high deg%ee of resistance to degradation from-
environmental conditions encountered during processing, storage, launch

and space conditions are of prime concern to this program.

4.1. Small-Scale Studfes ’ S :

A number of studies have been initiated -and are continuing,

which will provide a better understanding of the conditions or processes

" that are required to produce a‘durable, highly reflective surface on

electroformed conce:trators, -

4.1.1 Effeets of Master and Substrate Materials

1In order to determine the possible effect of the master
or suosrrate materials on ultimate reflectivity, & number of sample re-
£1ective skins were plated using various structural materials. Although
the quality of the master is regroduceﬂ “ﬂryva?curatelyﬁiu itne electro-

formed replica, the materials;cmployed in the master itself havc no

_ultimate effect on the reflectivity or durability of the resultant re~

flective -surface.- Thg'reﬁiectivity of the master surface, whether it is
metal, pléstic; or glass, will be fa{thfully reproduced in-a replica mir-

- ror. In the case of nonconductive mastets such as plastic or glass, a

sengitizing layer of silver, copper or other_metefial is used prior to

the ele;;roferming process. The subsequent electroform reproduces the

- surface cordition af this .sensitizing or reflective layer. There deeg

not appear to be any measurable difference in roflectivities obtainable
associated with the.different materials that have been used to date to
electroform the actual reflective face. Reflectivities meaaured from

nickel, cOppe;, brass, and othet samples that were electroformed over

" the same master showed identical characteristica. Replica-substrate

materials or interlayers within the refiective coatings themselves do

.affect stability and durability, however, and chis “information will pe
>discussed in the following sactions, P

©2100-IR-1 - 132 L



4.1.2 Various Coatings for High Reflectivity

In order to evaluate, on a comparative basis, the
various possible high reflectivity coatings, a method was devised
whereby the initial surface and cubstrate materials could be duplicated
in an accurate manner. TIigure 4-1 shows the electroforming of the baric
reflectivity samples. The feccangular, flat plateglass master, approxi-
mately 12 by 15 inches, provides a basis for formation of reflective
skins for all electroforming materials. Electrodeposition is achieved
to a thickness of approximately 0.030 inch using a chemically -de-
ggstted silver sensitizing layer, Various vacuum deposited coatings
ééve also been used as a comparison and in instances where the electro-
f%brming solutions are not compatible with chemical silver. The eleztro-
EZrm is parted from the master and stopped off on both front and back
using Koéak metal edge resist stbp-off materials, 'Circlesvare then
scribed through the stop-off material on the back or nonréflective
side of the sample to expose the nickel. The part is then put into
an etching solution and electrochemically milled to produce individual
flat samp1é§ app;oxima:elyltwo inches in diameter. This process elimi-
nates any possibility of bending or warping due to physical machining
or Euttiﬁg techniques. It is necessary that the samplﬁs be f£lat to
insure reproducible measurements on the Perkin-Elmer spectropﬂotometer.
The p;oéesk provides a, relatively large number of samples that are es<
sentially identical in characteristics of surface condition and material.
These are then coated simultaneously in a vacuum-deposition system to
provide nearly identical samples for future tests .of reflectivity and
surface degradation, ' . (

The more ;ommon combinations of high reflectivity and
protgctivé coatings have been‘&ppliéd to these samples. Included are
unprotected silver, which results from the sensitizing process required
for the eleccrofbpmfng Opeiation, unproteéted aluminum, the same mate-
rials being protected with an overcoat of silicon moroxide, and chromium
and silicon monoxide in variousucomBinitions and thicknesses to provide -

“

adhesion and.protection.
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Four samples of each particular coating have been
prepared simultineously. In roumiec inatarces the as-formed silver sur-
face has been left intact and the various combinations of coatings
applied over the silver. Other samples have been made in which the
silver has been chemically removed, leaving a reflective nickel sur-
face qp which the various ccmbinations of coatings are subsequently -
deposited. Specular reflectivity measurements have been made on one

of each of the fuur basic samples, to act as a control. The three

. remaining samples of each of the coatings have been, or are in the

process of being, exposed to various eﬁvigonmentak conditions,

. It has been conclusively demonstrated by reflectivity
and performance tests that the bright, fresh, silver surfaces provide,
by a'wide margin, the best reflectivity 6btainab1e for solar concentra- °
tion., Reflectivities of 94 to 96 pércent are not uncommon. Unfortu-
nately, exposed silver surfaces degrade very rapidly under normal
environmental conditionsiwith a resultant‘&rop in reflectivity. Among
the more promising coatings are vacuum-deposited aluminum (which in
itself is quite durable) and combinations of vacuum-deposited aluminum
overcoated with silicon monoxide, which lends a far greater protection
against scratcling and abrasion, Reflectivities obtainable Qith these
coatings range “rom 85 to 9C percent. ’

Table 4-1 1lists the various;reflectiv{ty samglg§n§ﬁat
have been prepared to date. The structural or substrate materials are =~ - -
listed, rogether with the sequence of coatings that were used. Also
listed are the resultant reflectivities achieved, both on the qonﬁrol
sample and after some preliminary environmental testing. In certain-
instances difficulty was achieved in repfoduciné reflectivity vilues
of similar Bamnleé. This was traced to warpage of the 3amp1és, which
caused errors in veadout of the spectrophotometer. Those samples that
were questionable have been remade and subsequent tests to aubstautiaté

or correct the prior information will be performed in the near future. .
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A promising overcoating for increasing total reflec-
tivity that can be used with a variety of reflective surface materials
is a multiple film of cerium dioxide and magnesium fluoride or cerium

dioxide and silicon monoxide. Considerable work with these films has

~
- been accomplished by the U. S. Army Research and Development Labora-

tories at Fort Belvoir, Virginia. Details of this work are reported
in a paper entitled "Optical Propertiss and Structure of Cerium

Dioxide Films" by G. Haas, J. B. Ramsev, and R. Thun, Ref..Journal of

 the Optical Society of America, Voi. 48, No. 5, 324-327, May, 1958.

These coatings show excellent abrasion and corrosion resistance, even Tl
when exposed to salt watex spray, or when boiled in a 10 percent NaCl
solution for several hours according to the authors. The reflectance
of “the metal reflective layer can be increased over a broad . spectral
region by using pairs of these dielectric films with alternately low

and high indexes nf refraction. The films are effectively one-quarter

.wavelength thick and must be applied in the sequence ol raflective

metal, low-index film, high-index {ilm. The visible reflectance of

normal evaporated aluminum is approximately 90 percent in the visible

range. The same surface, coated with the pairs of dielectric films,

eshibits a maximum reflectance of-96 percent pius and at all wave-

lengths of the visible spectrum its reflectivity is higher than that

of unccated aluminum. Samples of these coatings will be prepared

during the following phasecs of the reflectivity studies. Use of these

coatings appears to offer a good possibility for providing high re-

flectivity and surface p?oteécion on electroformed metal concentrators.
' One more of the promising methods of producing re-

flective and protective layers for electroformed concentrators is that

_of predepositing the coatings on the master beforc formation of the

electroformed reflective-face skin itself. Expcrimental studies of
this nature have been performed by G. Haas and associates at Fort
Belvoir, Virginia, on small-scale samples with relatively good success.

During ‘the course of the present program at EOS, a variety of different
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predeposited rombinations were applied to small samples prior to electro-
forming. In application, the glass mastér is first coated by the vacuvum-
deposition praocess with a parting layer such as silver or copper. Next,
and in succession, tha desired protective and Feflective coatings are
applied by the vacuum-deposiiion process, Typical éoatings,that have
been tried experimentally include in this order Si0 protective iayer,

Al reflective layer, a second SiO ia&er to produce a protective sandwich .
for the aluminum reflective laver, and a conductive or: semnsitizing

layer such as silver, copper or nickel, as the basis for‘subsequent
electroforming. A number of samples have been preduced on which electro-
forms of both nickel and copper have been electrodeposited to the
thickness required for reflective-face skins. After parting, the
original silver or copper parting layer is removed from the front

surfacé of silicon monéxide, leaving the completed mirror with coatings
firmly adhcrent. This process has great promise-since the reflective
. coatings are completely protected and the mirror 1s essentially cumplete
upon removal from the master, No possibility of staining or lack of
adhesicn due to poor cleaning prior .to normal reflective film deposition
exists, There are certain problems associated with this technique,

~ however, and for large size concentrators the facility requiréments
necassary to put down these selected films in a controlled manner on

the master are severe. This work wili be continued for the duration

of the program however, sxnce, if successful, thie method is highly

desirable as an ultimate fabrication techniqae.

4.1.3 Coating Adhesiori and Durability Studies -
The normal test for adhesion of vacuum-deposited '
coatings is the "Scotcﬁ‘Tape" test, In this test a freshly exposed
surface of the adhesive side of cellophane tape is aﬁplted to the coated
surface and pressed firwly into piace. The tape is then jerked away -
rapidly, exerting maximum pull on the-coﬁting. This is a relatively
severe test, and if the coatings remain intact an& do not comé off with

the tape, the coatinh is considered to be firmly adherent. A number of
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alternative methods for testing the durability of films have been
investigated but none appear to be practical to measure the small
variations in adhesion that may exist. All of the tests appear teo

be "go-no-go" devices. Since this "Scotch Tape" test appears to be ~
a standard method for testing coatingé within the optics.industry, it

was engloyed for testirg the adherence of coatingsrproduced on the

current program, It is hoped that additional and improved adiierence
testing techniques may be developed in the future.

The samples of the various reflective coatings that
were produced were exposed to different enviromments to determine
taeir dbrabiiity. -One area of prime conceru: is the possible degradation
due to thermal cycling, and exposure to elevated temperatures.' As a
preliﬁinaty measure of the durability of coatings under temperature
extremes and- thermal cycling, a test was devised in which the samples
were placed in ar oven that was cycled from ambient to 500°F with a
six hour cool-down to ambient. »

) One each of the coated samples has been exposed to
this type of thermal cyéling; A normal a;posﬁh&ric envirorment was
used for these tests, The test apparatus is such, however, that .
controlled ‘atmospheres can be erployed if desirable.

The unprﬁtectéd silver surfaces degpraded very rapidly ‘
due to temperature cycling and,in the case of silver on an electro-
formed copper substrate, the reflective surface completely degraded in
a very short number of cycles. It was also determined that the presence
of silver as one of the underlying coatings caused a more raéid degrada
ation than occurred in samples from which the silver ﬁad'been stripped
prioxr to applicétion of the reflective and protective coatings, After
apptoximatgly'one week of testing, definite degradation around the
edges and at places where pin-holes- existed was noticed in the surfaces
on which’the silver gnderéoatqtemained. No visible change occurred to
the samples from which the silver undercoat had been stripped before
coating, Adhesion remained good thfoughout the testing, Reflectivity
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tests were repeated on the samples that had been exposed to-temperature
cycling and the resultant reflectivity values are shown in Table 4-I.
In some instances the samples warped~causing an inability to obtain
accurate reflectivity information. Where necessary,‘testing will be
repeated to validate prior results. A

Additional samples of eﬁch of the coutings were
exposed to outside environment by placing them on the roof of the
building for an extended period of time (see Fig. 4-2), This is, of
course, rather severe exposure compared to normal stofage and handling
conditions. However, during extended periods of performance testing,
exposure to smog, dust par;iclés, ard other air-born contaminants is -
common. These.samples will also be tested for reflectivity to determine
amount of degradation near the couclusion of the program.

i The fourth sample of each of the coatings was 1ntended
to be teétad using a standard salt spray test. These facilities are
pot immediately available ‘at Electro-Optical Systems, Inc., however,
and due to the costly nature of establishing the kecessary test ecquip-
ment, these tests will be delayed until. the more promising coating
combinations are determined. At this time, these sampies will be sub-
jected to salt spray tests either at EOS or at an outside vendof.

As previously mentioned, both chromium and rhodium
protective overccatlngs appeared td’give maximum protection against
degradat.ion due to a2xposure, cleaning, handling, etc. Their reflectivity
characteristics are, howeVer, soméwhat lower than for silver or aluminum
surfaces. The basic reflectxvities of rhodium and chromium surfaces are
shown in Fig. 4-3 over a wide variety of wavelengths, The reflectivity

of both of these materials can be increased’considerably by use of

. reflectivity increasing film combinations of pairs of dizluctric films

such as Ce0, and MgF

9 "No reflectivity information is available on

o

2

- these combinations at this time. - o -
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4,1.4 Metheds of Protection and Cleaning

During exposure of the reflective surfaces to test
conditions and storage for prolonged periods of time, it became evident
that cleaning procedures nust “Become established which would not materially
degrade the réf}eccive qualities of tne concentrator surfaces. The various
dielectrfc rilms or overcoating with Si0 offer substantial protection.
Surfaces so treated can be washed or wiped as_long as care is exercised
to prevent definite abrasion. Unprotected surfaces of silver or aluminum
can be carefully wiped withzdetergent and :in some cases even polished
with chalk or rouge to bring the reflectivity back up to the original
value. It has been determined that silver surfaces can be cleamned a
number of times to restore reflectivity and, although numerous visible
slgaké appear due to the cleaning operation, thg reflectivity values
and performance values are not appreciably affected by the multiple
cleaning operations. There is no doubt that these sleaks and minute
scratches would cause a degradation in the specular characteristics for :
the shorterrwavelengths but there appears to be no appreciable degradation
of performance as related to solar concentration.

) Consideraticn is being given to the possibility of
coating the as-formed silver surfaces with a material that will‘evaporate
or sublime under space conditions. This would allow protection of the
silver reflective surfaces during handling and storage and through
launch conditions until.the normal earth environment (which appears to
be the degrading factor relative to the reflective qualities of the
’ silver -surfaces) is left behind. The subsequent evapcraticn or sub-
Limai&nn of the protéctive layer would leave an exposed silver surface
_having maximum reflectlive properties.

4,2 Application of Protective C§atings

It has become evident from the experimental work performed tc
date that the techniques required for application of reflecctive and pro-
~ tective layers .by the vacuum-deposition process is not the same for

electroformed substrates as for glass, Much of the information available
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concerning cleaniig, maxiwum adhesion, etc. is based on application of

coatings to glass, quartz, or other similar materials. Certain modifi-
cations or deviations are required for the application of satisfactory

coatings tu electroformed metal mirrors. e

4,2.1 Pre-treatment, Cleaning, Etc.

The possible future development of predeposited coatings

(which will permit the formation and removal of electroformed mirrors
from the master complete with reflective and protective coatings) may
eliminate the need for involved pre-treatment and cleaning techniqéés.
In the meantime, howevé}, it is necessary to develop techniques and
processes to insure that the required subsequent coatihgs are firmly
adherent to the reflective face. Studies are continuing to determine
the best method of cleaning the metal face prior to vacuum deposition
of the coatings. To date, the most effective treatment involves pre-
liminary cleaning with solvent, detergents, etc., followed by a vapor
degrease cycle in which any one of a number of solvents may be eﬁployed.
It is hoped that, during the remainder of the program, exact require-
ments for pretreatment and clearing can be established upon a process
basis. After the chemical cleaning processés, it appears necessary to
use the glow discharge or ion bombardment technique for final cleaning
in the vacuum chamber prior to actual deposition of the reflective
coatings. Preliminary tests have also indicated that deposition of an
evaporated layer of chromium prior to deposition of the subsequent
reflective and protective layers materially increases adhesion, ~ On
samples produced by-this method as well as on larger mirrors (if pre-
cleaning and glow discharge techniqﬁes were correst) complete adhesion
was evident. In instances where the chromium layer was not abplied itr
was possible to femove the reflective layers using the "Scotch Tape"
test,

4,2,2 Facility Requirement

EOS is currently in the proucess of installing a vacuume
coating facility tkat will include an-18-inch experimental Bell
Bar and a 54-inch diameter coating tank and related equipment,

1N



Considezation is being given to increasing the size of the installation
to 72 inches so that 60- inch diameter mirrors and masters

can be accommodated. In any event, in-house facilities will grcatly
improve the control requircd throughout the cleaning and cocting pro-
cesses so that maximum knowledge of techniques and facility requirements
can be gained.

(ne of the objectives in this phase of the program is
to determine what facilities, special tooling, techniques, etc. are
required for the satistactory application by vacuum deposition of the
necessary reflective and protective coatings. A discussion of facility
requiremerits and associated techniques will be included in the final

report,
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5. SUMMARY

The experimental studies relating to control of the various bath
parameters and techniques will be more fully developed during the suc-
ceeding portion of this program. Although experimental fabrication has
baen started on the 5-foot diameter concentratoxr, the final units that
will demonstrate the best desig- concept and technique will be made
relatively late in the program. This timing .{inwz for mawimem dovclcy
ment of techniques and processes and it iz felt that highly satisfactory
conceatrators will result. Coating studies should also be concluded by
that time. In~house coating capabilities (aided by the installation of
the EQS vacuum-coating facility) will be maximized so that the reflective
and protective coatings applied to the final concentrators should be
fully representative of the most desiravle combination achievable with
present concepts.

As stated previously, integration of concentrator design with

power-system design indicates that peripherul-torus or monocoque=

‘support is more desirable than center-mounted concentrators from the

standpoint of stability, weight and many other considerations, at least
for concentrator sizes that are compatible with one-piece design. Ad-
ditional design and cvaluation efforts (which, it is hoped, wiil be
aided by shakz and vibration inforwmation obtained from Jet Propulsion
Laboratory testing of concentrators produced on the prior program)
will be included in greater detail in the final technical report., An
evaluation of the various parameters and their relationchips for ap~
plication to larger concentrator diameters will also be included iu
the fina; report,

ﬁe§élopmenérof copper with improved physical properties and the
controls associated with reproducible electroforming of this material,
together with inﬁestigations of other possible electroforming materials
of a nonmagnetic nature will, it is hoped, make practicable the fabri-

cation of uonmagnetic concentrators by the electroforming process.
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Testing techniques were developed extensively during the prior
program and no major changes are contemplated in test methods or cquip-
ment. Improvements and upgrading of the Electrv-Optical $ystems test-
ing facility are regularly made and iL is planned thLat cxtensive op-
tical and performance testing can be achieved on the 5-foot diumeter
concentrators before delivery to Jet Propulsion Laboratory for further
testing.

At the end of the first five-months' perind, essentially all areas
of activity are on schedule as outlinad in the basic program schedule
(Fig. 1-1) and no difficulty is aﬁticipated in completing all areas

of activity in the mamner in which they were originally programmed.
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